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(54) $g(v)-SUBSTITUTED PHENYL-PROSTAGLANDIN E DERIVATIVES AND DRUGS CONTAINING 
THE SAME AS THE ACTIVE INGREDIENT 

(57) An co-substituted phenyl-prostaglandin derivative of formula (I), a process for the preparation thereof, a med- 
icament comprising it as active ingredient (all symbols have the same meaning as described in the specification). 




< 

CO 
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The compounds of the formula (I) bind strongly on PGE 2 receptor (especially subtype EP 4 ) and therefore are useful 
for the prophylaxis and/or treatment of immune diseases (autoimmune diseases (amyotrophic lateral sclerosis (ALS) 
etc.), post-transplantation graft rejection, etc.), asthma, abnormal bone formation, neurocyte death, pulmopathy, hepat- 
opathy, etc. They are also related to sleeping disorders and platelet coagulations, and therefore they are also applicable 
to these diseases. 
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(3) a medicament comprising them as active ingredient. 
Background 

[0002] Prostaglandin E 2 (abbreviated as PPF * v . 
[0003] In the recent studies, it was found that PGE 

9-oxo type: JP kokai sho 49-92053 (\ p i i<5 wat ♦ 

W*» substituted typ* JP Site 'S'.^"?* 1 "" Menste "« *->■ 
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[0008] A compound of formula (A) 




(wherein Ar is a- or 0- furyl, a- or 0- thienyl, a- or |J- naphthyl, phenyl, 3,4-dimethoxyphenyl, 3,4-methylenedioxyphenyl , 
3,4,5-trimethoxyphenyl or phenyl monosubstituted by halo, trifluoromethyl, phenyl, lower alkyl or lower alkoxy, 

nA is 0 or an integer of 1 - 5, with the proviso that when Ar is phenyl, substituted phenyl or naphthyl, then nA is 0 or 1 , 
R is hydrogen atom or lower alkyl, 
W is a bond or a cis double bond, 
Z is a bond or a trans double bond, 
M is keto, 



OH 

"*OH ° r < H , 

N and L are taken together to form a bond or when L is hydrogen, N is selected so as to complete A, E or F 
prostaglandin structure), or 

lower alkanoyl, formyl or benzoyl ester of free hydroxy group in C9, C11 or C15 position and a pharmaceutical ly 
acceptable salt thereof. 

[0009] The specification provides specific PGE 2 compounds in which phenyl substituted by alkyl or alkoxy is intro- 
duced in the co-chain; i.e. the compounds of examples 55 and 72 of the following formula. 

Example 55: 

[0010] 
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Example 72: 
[0011] 



10 



15 




(A-2) 



Disclosure of the present invention 



(Dan .substituted Pneoy.prostagiandin E derivative of formula (,) 




(I) 



(wherein A is C2-8 alkvlene C? « *\v , 



R is hydrogen atom or hydroxy 
R 4 isC1~4alkylene, 
R5 IS Phenyl sub «d by the following groups: 

0 1-3 groups selected from 

C1~4 alky!oxy-C1~4 alkyl, 

C2~4 alkenyloxy-C1~4 alkyl, 

C2~4 alkynyloxy-CM alkyl 

C3-7cycloalkyloxy.C1^4 alkyl 
C3~7 cycloalkyl(C1 ~4 alkyloxyj-C1 ~4 alkvl 
phenyloxy-C1^4 alkyl, ^ 
phenyl-C1~4 alkyloxy-C 1-4 alkyl 
C1-4alkylthio-C1~4 alkyl, 
C2~4 alkenylthio-C1~4 alkyl 
C2~4 alkynylthio-C1~4 alkyl' 
C3-7cycloalkylthio-C1-.4 alkyl 
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C3~7 cycloalkyl(C1 -4 alkylthio)-C1 -4 alkyl, 
phenylthio-C1~4 alkyl and 
phenyl-C1~4 alkylthio-C1 ~4 alkyl, 
ii) C1 -4 alkyloxy-C1 -4 alkyl and C1 -4 alkyl, 
C1 -4 alkyloxy-C1 -4 alkyl and C1 -4 alkyloxy, 
C1-4 alkyloxy-C1-4 alkyl and hydroxy, 
C1-4 alkyloxy-C1-4 alkyl and halogen, 
C1 -4 alkylthio-C1 -4 alkyl and C1 -4 alkyl, 
C1 -4 alkylthio-C1 -4 alkyl and C1 -4 alkyloxy, 
C1 -4 alkylthio-C1 -4 alkyl and hydroxy or 
C1~4 alkylthio-C1~4 alkyl and halogen, 
Hi) halo-C1 -4 alkyl or hydroxy-C1 -4 alkyl, 
or 

Iv) C1 -4 alkyl and hydroxy; and 
— is a bond or a double bond, and 

when R 2 is a group of formula R 8 -COO- t R 1 is C1 -6 alkyloxy, C1 -6 alkyloxy-C1 -6 alkyloxy or HO-C1 ~6 alkyloxy 

and 8-9 position is a double bond), 

a n on -toxic salt thereof or a cyclodextrin clathrate thereof, 

(2) a process for the preparation thereof and 

(3) a medicament comprising it as active ingredient. 

Description 

[0014] In the formula (I), C1 -4 alkyl in R 5 , R 6 , R 7 and R 9 is methyl, ethyl, propyl, butyl and isomers thereof. 
[0015] In the formula (I), C1-6 alkyl in R 1 is methyl, ethyl, propyl, butyl, pentyl, hexyl and isomers thereof. 
[0016] in the formula (I), C1 ~4 alkylene in R 4 and A is methylene, ethylene, trimethylene, tetramethyfene and isomers 
thereof, 

[0017] In the formula (I), C2~8 alkylene represented by A is methylene, ethylene, trimethylene, tetramethylene, pen- 
tamethylene, hexamethylene, heptamethylene, octamethylene and isomers thereof. 

[0018] In the formula (I), C2~8 alkenylene represented by A includes one or two double bond(s) in itself, for example, 
vinylene, propenylene, butenylene, pentenylene, hexenylene, heptenylene, octenylene, pentadienylene, hexadi- 
enylene, heptadienylene, octadienylene and isomers thereof. 

[0019] In the formula (I), C2-4 alkenylene in A is vinylene, propenylene, butenylene and isomers thereof. 

[0020] In the formula (I), C2-4 alkenyl in R s and R 8 is vinyl, propenyl, butenyl and isomers thereof. 

[0021] In the formula (I), C2~4 alkynyl in R 5 is ethynyl, propynyl, butynyl and isomers thereof. 

[0022] In the formula (I), C3~7 cycloalkyl in R 5 is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 

[0023] In the formula (I), halogen in R 2 and R 5 is fluorine, chlorine, bromine and iodine. 

[0024] In the present invention, as may be easily understood by those skilled in the art, 



indicates a single bond or a double bond, unless otherwise specified, the symbol: 



indicates that the substituent attached thereto is in front of the sheet (p-position), 



indicates that the substituent attached thereto is behind the sheet (a-position), 
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\ and \ 

i % JL ' C ' S ' ans isomers) ' isomere tm^SSS^Z the double b0nds ' ring 



A — 



is preferably, 



(2) -^X. 



(3) 



(4) 



(5) 



(6) 
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[0027] In the formula (I), hydroxy in the 15-position is preferably attached as the a -configuration. 
[0028] In the formula (I), in the alkylene of R 4 , methylene is most preferable. 

[0029] In the formula (I), the position of the substituent of phenyl in R 5 is preferably the 3-position, the combination 
of 3- and 4-position and the combination of 3and 5-position. 

[0030] In the compounds of the present invention of formula (I), the compounds described in the examples, the 
following compounds and corresponding esters, amides and 8-acylated compounds thereof are preferable. 



EP 1 114 816 A1 

Table t 
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Table 2 
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Table 4 
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Table 6 
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Table 8 
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Table 10 
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Table I] 
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Table 14 
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Table 16 

5 
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Salts 
[0031J 



sate of alkali metals (e.g. potassium, sodium) sat SSr2 1 salts are described hereafter 

dimethylamme, cyclopentylamine, benzylamine oheneZf^in ! %l ammonium . triethylamine, methylaminT 
(hydroxymethyomethyiamine, iysine, JCJS^S^ diethanoiamte tr fs 

10 Cyclodextrin clathrates 



20 
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30 



35 



y\ — cor 11 

r 4 -r* (Ia > 

OH 




40 




y> — cor 12 



45 



50 



n is nyoroxy, i.e. a compound of formula (lb) 
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5 




(lb) 



(wherein all symbols have the same meaning as described hereinbefore) may be prepared by subjecting to hydrolysis 
reaction using an enzyme or a hydrolysis reaction under alkaline conditions a compound of formula (la) 




(la) 



(wherein all symbols have the same meaning as described hereinbefore). 
25 [0037] Hydrolysis using an enzyme is known, for example, it may be carried out in a mixture of water-miscible organic 
solvent (e.g. ethanol, dimethy Sulfoxide, etc.) and water, in the presence or absence of a buffer, using hydrolase (es- 
terase, lipase etc.) at a temperature of 0-50 °C. 

[0038] Hydrolysis under alkaline conditions is known, for example, it may be carried out in a mixture of a water- 
miscible organic solvent (e.g. ethanol, tetrahydrofuran (THF), dioxane, etc.) using an aqueous solution of an alkali 
30 (sodium hydroxide, potassium hydroxide, potassium carbonate, etc.) at a temperature of -1 0-90 °C. 

[0039] (c) Among the compounds of formula (I), a compound wherein R 1 is NR 6 R 7 , i.e. a compound of formula (Ic) 



35 



40 




(IC) 



(wherein all symbols have the same meaning as described hereinbefore) may be prepared by subjecting to an amidation 
reaction a compound of formula (lb) 

45 




(ib) 



(wherein all symbols have the same meaning as described hereinbefore) and a compound of formula (III) 
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hnrV 



(III) 



SSSTIJS?* h3Ve Same meaning as described hereinbefore) 

[0041] The compound of formula III h ( C) ' etC) at a tem P era ^re of 0-50 °C. 

[0042, The com ound of I J " S^SS ? "7 ? ^ by kn ° Wn ™ hods -* 

[0043J Moreover, the compounds 2fK«K and 2?° * "° Win9 i * -m " 1 ' 2 ' 3 ° r * 

[0044J The symbols described in the Se ^122 by the Schemes 4 « 5. 

inbefore: SCnemeS have the fo,,ow 'ng meaning or the same meaning as described here- 

t-Bu: t-butyl, 
Ms: methanesulfonyl, 
n-Bu: normal butyl, 
Ts: p-toluenesulfonyl, 
X: halogen atom, 
R 21 : halogen atom, 
R 22 : acyi, 

depending on the choice of starting materials edUCt '° n method ' with "without separation, 
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Scheme 1 
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Scheme^ 




LiBH(sec-C 4 H 9 ). 



HQ 
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Scheme 3 




NH 3 

T 

HQ 
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Schem e a.i 



R^O 



^k^A-COR 12 



(XIX) 



s31 



*CHO 



Mecn T ^ 
0 o (xx) 



fl 22 0 ' IbSchemflA.0 

l,aa~cor 12 y 

/ j /PhgSnHor 

V\^\.R 4 -R 51 (XXI) ( Bu 3 SnH 

n 3 i T 

O FyPd 

Sefect/Ve Reduction laJcJigiTie^ 

R^O * 




R^O 



Protection of hydxory 

*A-COR 12 

R 4_ R s, (XXIII-1) 

OR 10 




To Schfirr|«> 3^ 



32 



EP1 114 816 A1 



Scheme 4-2 



(XXI) 



Ph 3 SnH or 
Bu 3 SnH 



R^O 



R^O 



^A-COR 12 (XXIV) 
,R 4 -R 51 



NaBH 4 
Reduction 



^A-COR t2 (xxv) 
,R 4 -R 51 





R^O 




^A-COR 12 (XXVI) 




NaBH 4 
Reduction 



^ wn (xxvill) 




R~0 



R 4 -R S1 



OH 

Protection of hydroxy 



Separation 

A A 2 -COR 12 (XXIX) 
,R 4 — R 51 




A \A-COR 12 (xxill-2) 




R^O 



OH 

Protection of hydroxy 



R 4 -R 51 



.a\ A CORl2 (XXIII-3) 



4 0 51 




R*-R 



To Scheme 4-3 



To Scheme 4-3 
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Scheme 4-a 



(XX«M) (XXJII-2) pcxuLs) 



V 



HO 



OH - 




.^\A-COOH 

R 4 — R 51 
OR 10 

Jones oxidation 
^A-COOH 




(lb) 



(la) 



OH 
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Scheme 5 



A-COR 12 



(XXXII) 



CHO 



MeO 
MeO 



A A-COR 12 




R 4 -R 51 



0 0 



(XX) 



51 (XXXIII) 



R 4 -R : 



Selective Reduction 



^A-COR 12 

R 4_ R 5, (XXIV) 

OH 
H + 



A-COR 11 




(la-1) 



OH 
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Scfjen!£6 



A-COR 12 

(IV) 



1) 'x^^s^R 4 — R51 

i (V) 
OR 10 

t-euu ^y c ^ 

2) (R 8 CO) 2 0 (XXXV) 
or 

R 8 COX (XXXVI) 



A-COR 12 

R 4 ~R 51 
OR 10 



(11-4) 
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Scheme 7 



NB * (XXXVII) 



k ^ ,R 4 — R 51 



OR 10 



(V) 



t-BuLi 



/S Cu(CN)U 

IT 




R 4 -R 51 



(XXXVIII) 



OR 



10 



Br\ ^COR 12 (xxxiX) 




COR 



12 



R 4 -R 51 



(II-4) 



OR 10 
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Starting materials and Reagents 

[0046J Each reaction in the above reaction <^h^ ■ 
the compounds of formulae (IV), 



r005l"i 5>, P) ' Prostanoids receptor subtype (mouse EP, EP 

"7^ 0,3H - p ^ 2 binding inhibitory ^ iJlSS^^S; - nTS^ST 

[0054, The *^^S^£2S H ^ « M 9 C, 2 , 0, M Nad. 

630,1 C ° mp0Und Was cafc "'ated by the following equation. 

Ki=IC 50 /(l+([ C ]/Kd)); 

[0055] The resufts are shown in the Tables 19 and 20. 



Table 19 


Ex. No. 

o ■ 


Dissociation Constant 
KiftiM) 
EP4 


2(1) 




0.006 


2(4) 




0.0016 


2(11) 




0.003 


2(15) 




0.010 


4 




0.0026 


4(12) 




0.0036 


5(12) 




0.0059 


8(6) 




0.008 
0.0015 
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Table 19 (continued) 



Ex. No. 


Dissociation Constant 




Ki(|xM) 




EP4 


The compound described as example 55 in JP kokai sho 49-92053 


0.032 


The compound described as example 72 in J P kokai sho 49-92053 


0.067 


Table 20 


Ex. No. 


Dissociation Constant 




Ki (nM) 






2 


0.82 


2(1) 


0.12 


2(4) 


>10 


2(11) 


0.54 


2(15) 


1.40 


4 


3.20 


4(12) 


0.35 


5(12) 


6.0 


8(6) 


0.04 


The compound described as example 55 in JP kokai sho 49-92053 


0.011 


The compound described as example 72 in JP kokai sho 49-92053 


0.048 



[0056] As shown above, it is clear that the compounds of the present invention bind strongly on subtype EP 4 and 
weakly on the other PGEg receptors (e.g. EP 3 ). 

Toxicity 

[0057] The toxicity of the compounds of the present invention is very low and therefore, it is confirmed that these 
compounds are safe for pharmaceutical use. 

industrial Applicability 

Application to Pharmaceuticals 

[0058] The compounds of the present invention of formula (I) bind selectively and act on PGE 2 receptor, especially 
on EP 4 subtype receptor and therefore are useful for the prophylaxis and/or treatment of immune diseases (autoimmune 
diseases (amyotrophic lateral sclerosis (ALS), multiple sclerosis, Sjoegren's syndrome, arthritis, rheumatoid arthritis, 
systemic lupus erythematosus, etc.), post-transplantation graft rejection, etc.), asthma, abnormal bone formation, neu- 
rocyte death, pulmopathy, hepatopathy, acute hepatitis, nephritis, renal insufficiency, hypertension, myocardial 
ischemia, systemic inflammatory syndrome, pain induced by ambustion, sepsis, hemophagocytosis syndrome, mac- 
rophage activation syndrome, Still's diseases, Kawasaki diseases, burn, systemic granuloma, ulcerative colititis, 
Crohn's diseases, hypercytokinemia at dialysis, multiple organ failure, shock, etc. They are also connected with sleep- 
ing disorders and platelet coagulations, and therefore they are thought to be useful for these diseases. 
[0059] Among the compounds of the present invention of formula (I), the compounds which bind on other subtypes 
than EP 4 weakly do not express other effect, and therefore it is probable that they will be those agents having less 
adverse effects. 

[0060] For the purpose described hereinbefore, the compounds of the present invention of formula (I), non-toxic salts 
thereof and CD clathrates thereof may normally be administered systemically or topically, by oral or parenteral admin- 
istration. 

[0061] The doses to be administered are determined depending upon age, body weight, symptom, the desired ther- 
apeutic effect, the route of administration, and the duration of the treatment etc. In the human adult, the doses per 
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The Best Mode for Carrying Out the Present Invention 
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Reference Example 1 
1 -bromo-3-methoxymethylbenzene 
5 [0072J 



w 




[0073] To a solution of 3-bromobenzylbromide (15.0 g) in methanoldimethoxyethane (30 ml + 10 ml) was added 
15 sodium methylate (4.9 g) undercooling with ice and the mixture was stirred for 1 hour at room temperature. The reaction 
mixture was poured into water. The reaction mixture was extracted with ether. The organic layer was washed with a 
saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent was evapo- 
rated to give the title compound (1 2.1 g) having the following physical data. 
TLC: Rf 0.74 (ethyl acetate : hexane =1:4); 
20 NMR(CDCI 3 ): 6 7.50 (s, 1H), 7.42 (dt, J=8, 2 Hz, 1H), 7.3-7.2 (m, 2H), 4.43 (s, 2H). 3.40 (s, 3H). 

Reference Example 2 

(25)-3-(3-methoxymethylphenyl)-1-triphenylmethoxypropan-2-ol 

25 

[0074] 



30 




35 [0075] Magnesium ribbon (1 .41 g) was dried by heating under reduced pressure, and thereto was added anhydrous 
THF (30 ml) and dibromoethane (a few drops). To the mixture was added a solution of the compound prepared in 
reference example 1 (9.65 g) in anhydrous THF (30 ml) over a period of 45 minutes. 

[0076] Thus obtained solution was added to a suspension of copper iodide (0.76 g) in anhydrous THF (30 ml) under 
cooling with ice, and the mixture was stirred for 30 minutes. To the mixture was added a solution of S-(-)-glycidyl trityl 

40 ether (12.7 g) in anhydrous THF (30 ml) and the mixture was stirred for 1 hour and the mixture was poured into a 
saturated aqueous solution of ammonium chloride. The mixture was extracted with ethyl acetate. The organic layer 
was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, concen- 
trated to give the title compound (19.5 g) having the following physical data. 
TLC: Rf 0.29 (ethyl acetate : hexane =1:4); 

45 NMR(CDCI 3 ): 8 7.5-7.1 (m, 19H), 4.40 (s, 2H), 4.1-3.9 (m, 1H), 3.37 (s, 3H), 3.3-3.1 (m, 2H), 2.9-2.7 (m, 2H), 2.23 (br, 
1H). 

Reference Example 3 
so (2S)-3-(3-methoxymethylphenyl)propan-1 ,2-diol 
[0077] 



55 
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Rf 0 64 (e^yl acetate : hexan* = o . -n 



15 



TLC: Rf 0.64 (ethyl acetate : hexane = 2:1) 
Reference Example 4 

(2S)-3-(3-metho)(y m ethylphenyl).l.acetyloxypropan-2-ol 



[0079] 



20 




25 



30 



35 



40 



washed with a 1 N hydrochloric acid and a saZS ?JaT * W9S a "° Wecl t0 wa ™ to ° °C- The mWurc Z 

Reference example 5 
[0081] 




ACQ' , yr ^ . QMe 



45 



50 



55 



NMBlSif. 'JK fT" ! """"* : « -1:15 
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Reference example 6 



(25)-3-(3-methoxymethylphenyl)-2-(2-tetrahydropyranyloxy)propan-1-ol 



5 [0083] 



10 



HO' 




OMe 



[0084] To a solution of the compound prepared in reference example 5 (1 4.0 g) in methanol (40 ml) was added a 2N 
15 aqueous solution of sodium hydroxide (5 ml) and the mixture was stirred for 1 hour at room temperature. The solvent 
was evaporated and the residue was diluted with ether, washed with water and a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulfate. The mixture was concentrated. The resulting oil was purified 
by column chromatography on silica gel to give the title compound (11 .0 g) having the following physical data. 
TLC: Rf 0.51 , 0.41 (diastereomeric mixture at the position of THP, ethyl acetate : hexane = 2:1); 
20 NMR(CDCI 3 ): 5 7.3-7.1 (m, 4H), 4.85-4.8 and 4.25-4.2 (m, 1 H), 4.42 (s, 2H), 4.05-3.4 (m, 5H), 3.38 (s, 3H), 3.06 (dd, 
J=14, 6 Hz, 1H), 2.85 (dd, J=14, 8 Hz, 1H), 2.8-2.7 and 2.15-2.05 (m, 1H), 1.9-1.4 (m, 6H). 

Reference example 7 

25 (2S)-3-(3-methoxymethylphenyl)-2-(2-tetrahydropyranyloxy)propan-1-al 



[0086] A solution of oxalyl chloride (6.8 ml) in methylene chloride (150 ml) was cooled to -78 °C and thereto was 
added a solution of anhydrous dimethylsulfoxide (11.1 ml) in methylene chloride (30 ml) over a period of 15 minutes. 
The mixture was stirred for 15 minutes and thereto was added a solution of the compound prepared in reference 
example 6 (11 .0 g) in methylene chloride (40 ml) dropwise over a period of 35 minutes and the mixture was stirred for 

40 another 10 minutes and thereto was added triethylamine (32 ml). The mixture was warmed to -40 °C and stirred for 
45 minutes. The reaction solution was poured into a 1 N hydrochloric acid and the mixture was extracted with a mixture 
of ether-hexane. The organic layer was washed with water, a saturated aqueous solution of sodium bicarbonate and 
a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent was evap- 
orated to give the title compound (11.1 g) having the following physical data. 

45 TLC: Rf 0.45 (ethyl acetate : hexane =1:2); 



NMR(CDCI 3 ): 5 9.75-9.0 (m, 1H), 7.3-7.1 (m, 4H), 4.8-4.75 and 4.35-4.3 (m, 1H), 4.43 (s, 2H), 4.45-4.3 and 4.1-4.0 
(m, 1 H), 3.95-3.9 and 3.5-3.4 (m, 1 H), 3.40 (s, 3H), 3.3-2.8 (m, 3H), 1 .9-1 .3 (m, 6H). 



[0085] 
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Reference example 8 
[0087] 



OMe 




[0088] A solution of carbon tetrabromide (39 ft n\ in ^ , 

9 having the following physical data * chromato ^y on silioa gel to give the title compound I (1 3 6 
Rf 0.36 (ethyl acetate : hexane = 1 :9) . 

Reference example 9 

(3S)-4-(3-methoxyme^ 
[0089] 




OMe 



45 Reference example 10 

(3S)-4-(3-methoxymethylphenyl)-1-butyn-3-ol 
[0091] 



50 
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[0092] The compound prepared in reference example 9 (8.9 g) was dissolved in dioxane (1 0 ml) and methanol (10 
ml), and to the mixture was added a 4N hydrochloric acid-dioxane (2 ml) at room temperature and the mixture was 
stirred for 1 hour. The reaction solution was diluted with water and the mixture was extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution 
5 of sodium chloride, dried over anhydrous sodium sulfate and the solvent was evaporated. The residue was purified by 
column chromatography on silica gel to give the title compound (5.6 g) having the following physical data. 
TLC: Rf 0.40 (ethyl acetate : hexane =1:2). 

Reference example 11 

10 

(3S)-4-(3-methoxymethylphenyl)-3-t-butyldimethylsilyioxy-1-butyne 
[0093] 

15 




[0094] To a solution of the compound prepared in reference example 10 (5.64 g) and imidazole (3.0 g) in DMF (30 
ml) was added t-butyldiethylsilyl chloride (5.3 g) and the mixture was stirred at room temperature overnight. The reaction 
mixture was poured into Water, and the mixture was extracted with ethyl acetate. The organic layer was washed with 
25 water and a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate and the solvent 
was evaporated. The residue was purified by column chromatography on silica gel to give the title compound (7.82 g) 
having the following physical data. 
TLC: Rf 0.73 (ethyl acetate : hexane =1:4); 

NMR(CDCI 3 ): 8 7.3-7.1 (m, 4H), 4.5-4.45 (m, 1H), 4.44 (s, 2H), 3.37 (s, 3H), 3.0-2.95 (m, 2H), 2.41 (d, J-2 Hz, 1H), 
30 0.83 (s, 9H), -0.02 (s, 3H), -0.08 (s, 3H). 

Reference example 12 

(3S)-1-iodo-4-(3-methoxymethylphenyl)-3-t-butyldimethylsilyloxy-1E-butene 

35 

[0095] 



40 




45 [0096] To a suspension of zirconocene chloride hydride (7.81 g) in anhydrous THF (15 ml) was added a solution of 
the compound prepared in reference example 11 (7.7 g) in THF (30 ml) dropwise at room temperature. The mixture 
was stirred for 45 minutes, cooled to 0 °C and thereto was added a solution of iodine (6.43 g) in THF dropwise. The 
mixture was stirred for 1 5 minutes at room temperature and thereto was added hexane. The obtained precipitate was 
filtered off and the filtrate was concentrated. The residue was purified by column chromatography on silica gel to give 

50 the title compound (9.77 g) having the following physical data. 
TLC: Rf 0.61 (ethyl acetate : hexane =1 : 9); 

NMR(CDCI 3 ): 8 7.3-7.05 (m, 4H), 6.56 (dd, J=15, 5 Hz, 1 H), 6.19 <dd, J=15, 1 Hz, 1H), 4.43 (s, 2H), 4.3-4.15 (m, 1H), 
3.38 (s, 3H), 2.8-2.7 (m, 2H), 0.83 (s, 9H), -0.08 (s, 3H), -0.11 (s, 3H). 

55 
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Reference example 12(1) 

(3S) ' 1 - i0dM ^ 

[0097] 



lsilyloxy-1E-butene 



10 



15 



20 




» compound was synthesized. 
Reference example 13 



using 3-(2-f| UO roethyl)-bromobenzene 



S2 y r e "; 11 ' 15 ^ 

[0099] 



20-tetranorprost-13E-enoic 



25 



30 



35 



40 



45 



50 




TBSO 



he m.xture was stirred for 40 minutes at the Z 2 S ° lut,0n in P entan e. 3.58 ml) dropwLe at -78 °C Z 
If^ 57 ( hexa "e : ethyl acetate = 4:1)- 
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Example 1 

(llaJSaJ-g-oxo-II.IS-dihydroxy-ie-CS-methoxymethylphenyO-l 7,18,1 9,20-tetranorprost-13E-enoic acid methyl 
ester 

5 

[0101] 



10 



15 




[0102] To a solution of the compound synthesized in reference example 1 3 (1 .01 g) in acetonitrile (20 ml) were added 
20 pyridine (2 ml) and hydrofluoric acid - pyridine complex (4 ml) at 0 °C and the mixture was stirred for 3 hours at room 
temperature. The reaction mixture was added into cooled ethyl acetate - a saturated aqueous solution of sodium bi- 
carbonate and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride, and dried over anhydrous sodium 
sulfate. The solvent was evaporated under reduced pressure and the residue was purified by column chromatography 
25 on silica gel (hexane : ethyl acetate = 1 : 2->1 : 4->ethyl acetate) to give the title compound (535 mg) having the 
following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.55 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.28 (m, 1H), 7.23-7.10 (m, 3H), 5.72 (dd, J=15, 6.2 Hz, 1H), 5.51 (dd, J=15, 8.9 Hz, 1H), 4.48-4.35 
30 (m, 3H), 3.93 (m, 1H), 3.65 (s, 3H), 3.41 (s, 3H), 2.90 (dd, J=14, 5.3 Hz, 1H), 2.82 (dd, J=14, 7.1 Hz, 1H), 2.68 (dd, 
J=1 8, 7.5 Hz, 1 H), 2.32 (m, 1 H), 2.29 (t, J-7.4 Hz, 2H), 2.20 (dd, J=1 8, 9,8 Hz, 1 H), 1 .96 t (m, 1 H), 1 .66-1.16 (m, 1 0H). 

Example 1 (1) 

35 (11a,15a)-9-oxo-11 ,15-dihydroxy-16-(3-ethoxymethylphenyl)-17 p 18,19,20-tetranorprost-5Z,13E-dienoic acid methyl 
ester 

[0103] 

40 



45 




50 

[01 04] By the same procedures as described in reference examples 1-13 and example 1 , the title compound having 
the following physical data was obtained. TLC: Rf 0.30 (ethyl acetate); 

NMR(CDCI 3 ): 5 7.33-7.06 (4H, m), 5.67 (1H, dd, J=15.4 Hz, 6.6 Hz), 5.57-5.18 (3H, m), 4.45 (2H, s), 4.40-4.24 (1H, 
m), 4.02-3.83 (1H, m), 3.83-3.70 (1H, br), 3.65 (3H, s), 3.57 (2H, q, J=7.0 Hz), 2.94-2.58 (4H, m), 2.45-1 .96 (9H, m), 
55 1 .75-1 .54 (2H, m), 1 .25 (3H, t, J=7.0 Hz). 
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Example 2 



( 11a > 15 «)«-°xo^ 
5 [0105] 



tetranorprost-13E-enoic acid 



w 



15 



20 



25 



30 




temperature. The reaction solution was acidified bv adding ♦ T mMUte Was stirred ,or 4 "ours at room 
1 H hydrochloric acid and the mixture IS^^S^SS^ ««" « amm ° niUm SU " ate and a 
a saturated aqueous solutionof sodium chloride and dS^^\? ^".^^^^ 
underreduced pressure and theresiduewaspurifiedb coZ 

methanol = 30 : 1_1 S : 1, to give the title compoundg/S Z = 
Description : colorless oil; 1 9) av,n9 the follo «"ng Physical data. 

TLC: Rf 0.43 (chloroform : methanol = 9 -1)' 

Example2(1)~2(15) 

[0107] By the same procedure as described in reference examniM 1 
havmg the following physical data were obtained. P 1 

Example 2(1) 



1 3 and examples 1 and 2, the title compounds 



(11«,15a)-9-oxo-11 ( 15-dihydroxy-16-[3-(2-fluoroethyl)ph 
40 [0108] 



enylj-1 7,1 8, 1 9,20-tetranorprosM 3E-enoic acid 



50 




55 



TLC: Rf 0.36 (ethyl acetate : acetic acid = 50 • 1 )■ 

H*« m 2 , 9 „„, J..S, „ ^ » * * HAMS fa, „>, 2 . 70 „H. *. J.,,. 7,4 
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Example 2 (2) 

( 1 1 a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy- 1 6-[3-(2-ethoxyethyl)phenyl]-1 7,18,1 9,20-tetranorprost-1 3E-enoic acid 
[0109] 



TLC: Rf 0,36 (ethyl acetate : acetic acid = 50 : 1 ); 

NMR(CDCI 3 ): 8 7.25-7.01 (m, 4H), 5.74 (dd, J=15.4, 6.2 Hz, 1H), 5.54 (dd, J=15.4, 8.8 Hz, 1H), 4.46-4.32 (m, 1H), 
4.06-3.88 (m, 1H), 3.66 (t, J=7.2 Hz, 2H), 3.52 (q, J=7.0 Hz, 2H), 3.40-3.00 (br, 3H), 2.95-2.60 (m, 5H), 2.43-2.11 (m, 
4H), 2.07-1.89 (m, 1H), 1 .72-1 .24 (m, 10H), 1.19 (t, J=7.0 Hz, 3H). 

Example 2 (3) 

(11 <x,15 a)-9-oxo-11 ,15-dihydroxy-16-(3-ethoxymethylphenyl)-17,18,19,20-tetranorprosM3E-enolc acid 



TLC: Rf 0,31 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 6 7.33-7.06 (4H, m), 5.70 (1H, dd, J=15.3 Hz, 6.6 Hz), 5.48 (1H, dd, J=15.3 Hz, 8.4 Hz), 5.30-4.60 (3H, 
br), 4.46 (2H, s), 4.42-4.28 (1H, m), 4.00-3.82 (1 H, m), 3.57 (2H, q, J=7.0 Hz), 2.94-2.58 (3H, m), 2.42-2.08 (4H, m), 
2.04-1.86 (1H, m), 1.72-1 .14 (13H, m). 

Example 2 (4) 

(11 ct,15 cc)-9-oxo-11 ,15-dihydroxy-16-(3-methyl-4-hydroxyphenyl)-17,18,19,20-tetranorprost-13E-enoic acid 




[0110] 




[0111] 




OH 
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L C D ,™°' 15 (chlorofoml : meth anol : acetic acid = 40 ■ 2 • 1 V 

3H), 2.2-1.9 (m, 2H), 1.7-1.2 (m, 10H). 2 5 (m ' 2H) ' 24 " 2 - 2 {m ' 1H >' 2 - 2f > (»■ J=7 Hz, 2H), 2.14 (s, 

Example 2 (5) 

[0112] 



15 



20 




25 TLC: Rf 0.40 (chloroform : methanol = 9 ■ 1)- 

i».»).^( m .^.j. 24 S;S' 9 4 f 9 £;^;^ 

30 Example 2 (6) 
55 [0113] 



40 



45 



50 



55 




TLC: Rf 0.39 (chloroform : methanol = 9 ■ 1)- 

2.35 (m, 1H), 2.25 ( dd , J=19 , 9 . 8 £ 1H) _ ko5-1 "S^ S 2 93 - 2 - 6 ° (m ' 2 67 <»■ 



(m,3H),1.20(t, J=7.2Hz,3H). 
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Example 2 (7) 

(11a,15ct)-9-oxo-11 ,15-dihydroxy-1 6-(3-methyl-4-hydroxyphenyl)-1 ,6-(1 ,4-phenylene) - 
2,3,4,5, 17,18,1 9,20-octanorprosM 3E-enoic acid 

[0114] 




TLC: Rf 0.26 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.90 (d, J=8 Hz, 2H), 7.15 (d, J=8 Hz, 2H), 6.89 (s, 1H), 6.82 (d, J=8 Hz, 1H), 6.59 (d, J=8 Hz, 1H), 
5.62 (dd, J=15, 7 Hz, 1H), 5.42 (dd, J=15, 9 Hz, 1H), 4.22 (q, J=8 Hz, 1H), 3.96 (q, J=8 Hz, 1 H), 2.81 (dd, J=14, 6 Hz, 
1 H), 2.7-2.55 (m, 4H), 2.4-2.3 (m, 1 H), 2.10 (dd, J=1 8, 8 Hz, 1 H), 2.08 (s, 3H), 2.0-1 .9 (m, 1 H), 1 .9-1 .7 (m, 1H), 1 .8-1 .6 
(m, 1H). 

Example 2 (8) 

(11a,15a)-9-oxo-11,15-dihydroxy-16-(3-methoxymethylphenyl)-1,6-(1,4-phenylene)- 
2,3,4,5, 1 7, 1 8, 1 9,20-octanorprosM 3E-enoic acid 

[0115] 




TLC: Rf 0.18 (chloroform : methanol: acetic acid = 40 : 2 : 1); 

NMR(CDCI 3 ): 8 7.98 (d, J=8 Hz, 2H), 7.3-7.1 (m, 6H), 5.72 (dd, J=16, 6 Hz, 1H), 5.42 (dd, J=16, 9 Hz, 1H), 4.5-4.3 
(m, 3H), 4.0-3.8 (m, 1 H), 3.41 (s, 3H), 2.9-2.6 (m, 5H), 2.4-2.1 (m, 2H), 2.0-1 .6 (m, 3H). 
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Example 2 (9) 



[0116] 



20-tetranorprost-5Z,13E-dienoicacid 



10 



15 




TLC: Rf 0.39 (chloroform : methanol = 9 • 1)- 

Example 2 (10) 
[0117] 



30 



35 



40 



45 




TLC: Rf 0.43 (chloroform : methanol = 9 ■ 1)- 

F^ZV^VjiSl J5ffS ft* » - » * 1H), 3.38 (m , „ 



50 



• 
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Example 2 (11) 

(11a,15ct)-9-oxo-11 ,15-dihydroxy-16-(3-ethoxymethylphenyl)-17,18,19^ acid 
5 [0118] 



10 



15 




TLC: Rf 0.35 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 8 7.34-7.08 (4H, m), 5.69 (1H, dd, J=15.4 Hz, 6.2 Hz), 5.50 (1 H, dd, J=15.4 Hz, 8.0 Hz), 5.43-5.26 (2H, 
20 m). 5.26-4.70 (3H, br), 4.46 (2H, s), 4.45-4.34 (1 H, m), 4.00-3.82 (1 H, m), 3.58 (2H, q, J=7.0 Hz), 2.84 (2H, d, J=6.2 
Hz), 2.78-2.58 (1 H, m), 2.46-1 .94 (9H, m), 1 .78-1 .53 (2H, m), 1 .24 (3H, t, J=7.0 Hz). 

Example 2 (12) 

25 (15a)-9-oxo-15-hydroxy-16-(3-ethoxymethy1pheny^ acid 
[0119] 




40 TLC: Rf 0.45 (chloroform : methanol =19:1); 

NMR(CDCI 3 ): 8 7.34-7.11 (m, 4H), 5.72 (dd, J=15.6, 6.3 Hz, 1H), 5.68-5.60 (m, 1H), 5.52-5.32 (m, 2H), 4.50 (s, 2H), 
4.48-4.40 (m, 1 H), 3.58 (q, J=6.9 Hz, 2H), 3.1 0-2.90 (m, 4H), 2.54-1 .86 (m, 1 0H), 1 .78-1 .50 (m, 4H), 1 .25 (t, J=6.9 Hz, 
3H). 
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Example 2 (13) 



5 [0120] 



,20-tetranorprost-5Z, 1 3E-dienoic acid 



10 



15 



20 



25 



COOH 




TLC: Rf 0.46 (ethyl acetate : acetic acid = 19 ■ 1)- 

4H). 2,U( S , 3H), 2,2.2.0 (m, 5H), 1 8-1 i'J, A ' *"' 2422 

Example 2 (14) 



[0121] 



tetranorprost-5Z,13E-dlenoic acid 



JO 



35 




TLC: Rf 0.37 (chloroform : methanol = 9 ■ 1)- 

(9H,m) I 1.67(2H l m). 2.89 (2H, d, J=6.6 Hz), 2.69 (1H, dd, J=18, 8.2 Hz), 2.44-1.97 



45 



50 
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Example 2 (15) 



(15a)-9-oxo-15-hydroxy-16-(3-methoxymethylphenv^^^ acid 



5 [0122] 



15 



10 




'0' 



TLC: Rf 0.27 (ethyl acetate); 

NMR(CDCI 3 ): 8 7.35-7.10 (m, 4H), 5.90-5.54 (m, 3H), 5.48-5.30 (m, 2H), 4.44 (s, 2H), 4.43-4.33 (m, 1H), 3.40 (s, 3H), 
20 2.95-2.74 (m, 2H), 2.58-1 .84 (m, 11 H), 1 .78-1 .42 (m, 4H). 

Reference example 14 

(Z)-7-[(1 R,2S,3R,5R)-5-chloro-2-hydroxymethyl-3-(2-tetrahydropyranyloxy)cyclopentan-1 -yl]-5-heptenoic acid methyl 
25 ester 



[0124] To a solution of methyl (Z)-7-[(1R,2S,3R,5R)-5-hydroxy-2-(1-methyl-1-methoxy) ethoxy methyl -3-(2-tetrahy- 
dropyranyloxy)cyclopentan-1 -yl]-5-heptenoate (50.0 g) and triethylamine (48.8 ml) in methylene chloride (250 ml) was 

40 added mesyl chloride (13.6 ml) in methylene chloride (50 ml) at 0 °C dropwise and the mixture was stirred for 1 hour 
at the same condition. To this solution was added water (200 ml) and the mixture was extracted with ethyl acetate 
twice. The organic layer was washed with water and a saturated aqueous solution of sodium chloride, dried over 
anhydrous magnesium sulfate and concentrated to give a crude compound (mesyl compound). 
[0125] To a solution of thus obtained mesyl compound in toluene (600 ml) was added tetrabutylammonium chloride 

45 (48.6 g) and potassium carbonate (48.3 g) and the mixture was stirred for 4 hours at 60 °C. The mixture was allowed 
to cool to 20 °C and to this solution was added water (300 ml) and the mixture was extracted with ethyl acetate (600 
ml + 400 ml). The organic layer was washed with water and a saturated aqueous solution of sodium chloride, dried 
over anhydrous sulfate, concentrated to give the crude compound (chloro compound, 52 g). 
[0126] To a solution of thus obtained chloro compound in tetrahydrofuran (250 ml) was added a 0.2 N hydrochloric 

so acid (1 00 ml) at -5 °C dropwise over a period of 1 hour and the mixture was stirred for 3 hours at the same condition. 
To the mixture was added a 1 N hydrochloric acid (10 ml) dropwise and the mixture was stirred for 1 hour. To this 
solution was added a saturated aqueous solution of sodium bicarbonate (300 ml) and the mixture was extracted with 
ethyl acetate (400 ml + 300 ml). The organic layer was washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous magnesium sulfate and concentrated. The residue was purified by column chromatog- 

55 raphy on silica gel (hexane : ethyl acetate = 3 : 1 ) to give the title compound (1 6.5 g) having the following physical data. 
TLC: Rf 0.41 (hexane : ethyl acetate = 1:1, HPTLC); 



NMR(CDCI 3 ): 6 5.45-5.30 (m, 2H), 4.64-4.48 (m, 1H), 4.30-3.68 (m, 4H), 3.60 (s, 3H), 3.56-3.40 (m, 2H), 2.4-1.4 (m). 



[0123] 



35 



30 




THPO 
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Reference example 15 
[0127] 




THPO 



COOMe 

'CHO 



mixture was stirred for SOminutes at roo^eZraS^ 
» with ethyl acetate. The organic laye'was TaE ^^^T^^^^"""*^ 
dried over anhydrous tr^^mZZ^^^ aW SO,ution <* s ° dium *k,ride, 

Reference example 16 



3-[3-methoxymethyl-4-( 2 -tetrahydropyranytyoxy) phenyiJ-2-oxopropyiphosphonic acid dimethyl 
[0130] 



35 



MeO 



45 



50 



55 



MeO II 

0 ° 



OTHP 

-^^^^^ 

internal temperature kept under -65 5 J s obtete 1 L11. T? heXa " e) ° Vef 3 period of 1 hour with *• 
was added a solution of S^Z^^(^S^Tl^T T f ^ *" ^ 1 h ° Ur 3nd thereto 
droustetrahydrofuran(5ml)dropwiseoveapeS^ 

was terminated by adding acetic acidTo 66 EXT? J? m,XtUre W8S Stirred for 3 hours and the reaction 
mixture was added wate Ld SaraSSS El! ^ ™* ^ to Wam t0 room To the 

the organic layer was was ed wT^ 

sulfate, concentrated to give th TcLe cowll Z Zl T" 1 ° Ver anhydrous sodium 

silica gel (hexane : ethylLtate =T EE KlSS aX T ^ by COlUrnn chroma tography on 
(1 3 g) having the following physical date. aMaMh * i acetate : ™thanol = 20 : 1) to give the title compound 
Description : pale yellow oil; 
TLC: Rf 0.21 (ethyl acetate); 
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Reference example 17 

(9fU 1 a)-9-chloro-1 1 -(2-tetrahydropyranyloxy)-1 5-oxo-1 6-[3-methoxymethyl-4-(2-tetrahydropyranyloxy) phenyl]- 
17,18,19,20-tetranorprost-5Z,13E-dienoic acid methyl ester 

5 

[0132] 



w 



15 




[0133] The compound synthesized in reference example 16 (233 mg) was dissolved in tetrahydrofuran (5 mi) and 
20 thereto was added sodium hydride (18 mg) at 0 °C and the mixture was stirred for 20 minutes. To this solution was 
added a solution of the compound synthesized in reference example 15 (150 mg) in tetrahydrofuran (1 .5 ml) dropwise 
and the mixture was stirred for 2 hours. The reaction solution was cooled to 0 °C and thereto was added acetic acid 
(0.051 ml). The mixture was stirred and extracted with water and hexane, and the organic layer was washed with water 
and a saturated aqueous solution of sodium chloride successively, and dried over anhydrous sodium sulfate. The 
25 aqueous layer was extracted with hexane and the organic layer was washed with water and a saturated aqueous 
solution of sodium chloride, dried over anhydrous sodium sulfate and combined with the former organic layer and the 
mixture was concentrated under reduced pressure. The crude compound was purified by column chromatography on 
silica gel (hexane : ethyl acetate = 9 : 1-> 4 : 1->3 : 1) to give the title compound (215 mg) having the following physical 
data: 

30 TLC: Rf 0.43 (hexane : ethyl acetate = 2:1); 

NMR(CDCI 3 ): 8 7.22 (s, 1H), 7.05 (s, 2H), 6.91-6.76 (m, 1H), 6.19 (t, J=15.0 Hz, 1H), 5.50-5.25 (m, 3H), 4.64-4.42 (m, 
3H), 4.23-4.08 (m, 1H), 4.06-3.94 (m, 1H), 3.92-3.70 (m, 3H), 3.66 (s, 3H), 3,66-3.54 (m, 2H), 3.43 (s, 3H), 3.40-3.30 
(m, 1H), 2.50-1.38 (m, 24H). 

35 Reference example 1 8 

(9p,1 1a, 1 5£)-9-chloro-1 1 -(2-tetrahydropyranyloxy)-1 5-hydroxy-1 6-[3-methoxymethyl-4-(2-tetrahydropyranyloxy) 
phenyl]-17,18,19,20-tetranoiprost-5Z,13E-dienoic acid methyl ester 

40 [0134] 




[0135] The compound synthesized in reference example 17 (210 mg) was dissolved in tetrahydrofuran (2 ml) and 
thereto was added (R)-2-methyl-CBS-oxazaborolidine (0.066 ml, 1 .0 M solution in toluene) was added at 0 °C and 
55 thereto was added borohydride (1 M solution in tetrahydrofuran, 0.23 ml) dropwise. The mixture was stirred for 20 
minutes, to the reaction solution was added methanol (0.5 ml), and the mixture was extracted with a 1N hydrochloric 
acid and ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium bicarbonate, water 
and a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate, and the mixture was com- 
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5 TLC: Rf 0.28 (hexane : ethyl acetate = 2 ■ 1)- 
f° Example 3 
'5 [0136] 



20 



25 



20 



35 



40 



COO Me 




KdeJp^ 18 < 142 ^ was dissoived in .ethane. ( 2 ml) and thereto 

solution was addeS water Z7a Zmrt ^T?,™ TV ** 1 h ° Ur at r °° m temperat " re ' To this action 
ethyl acetate. The organic layer was wished wi h a ™ "* ^ WaS e » 

anhydrous sodium suLe S 7to ^ » I qUe ° US S °' Uti ° n ° f SOdium chloride and dri <* over 

was washed with as« 2Z!^TT^ "* -B " and the 0fganic 
with the former organic layer and the m^ 
purified by co,umn 9 chroma y ,ograpCn S ^ 

mg) having the following physical data. " ' ' 2) t0 g,Ve the t,t,e com P™nd (97 

Description : colorless oil; 

TLC: Rf 0.51 (hexane : ethyl acetate = 1 • 3)- 

Example 4 



45 



d^S" 9 " h,oro - 11 ^ 



[0138] 
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[0139] The compound synthesized in example 3 (81 mg) was dissolved in methanol (2 ml) and thereto was added 
a 2N aqueous solution of sodium hydroxide (1ml) and the mixture was stirred for 2 hours at room temperature. To this 
reaction solution was added a 1 N hydrochloric acid (2.2 ml) and thereto was added water and ethyl acetate, the organic 
layerwas washed with water and asaturated aqueous solution of sodium chloride, dried over an hydrous sodium sulfate. 

5 On the other hand, the aqueous layer was extracted with ethyl acetate and the organic layer was washed with water 
and a aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and combined with the former organic 
layer and the mixture was concentrated under reduced pressure. The crude compound was purified by column chro- 
matography on silica gel (chloroform : methanol = 20 : 1 ->1 0 : 1 ) to give the title compound (73 mg) having the following 
physical data. 

10 Description: colorless oil; 
more polar: 

TLC: Rf 0.57 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 7.02 (dd, J=1.8, 8.4 Hz, 1H), 6.87 (d, J=1.8 Hz, 1H), 6.80 (d, J=8.4Hz, 1H), 5.58 (dd, J=6.0, 15.6 Hz, 
1H), 5.53-5.35 (m, 3H), 4.60 (s, 2H), 4.34-4.24 (m, 1H), 4.10-3.96 (m, 2H), 3.44 (s, 3H), 2.80-2.66 (m, 2H), 2.40-1.85 
15 (m, 1 0H), 1.77-1.60 (m,2H). 

Example4(1)-4(12) 

[0140] By the same procedures as described in reference example 14-18 and example 3 and 4, the title compounds 
20 having the following physical data were obtained. 

Example 4 (1) 

(9p,1 1 a,1 5^-9-chloro-1 1 ,1 5-dihydrox 
25 dienoic acid 



[0141] 




40 more polar: 

TLC: Rf 0.43 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 8.60-8.00 (br, 1H), 6.97 (dd, J=2.1, 8.1 Hz, 1H), 6.90-6.82 (m, 2H), 5.61 (dd, J=6.0, 16.2 Hz, 1H), 
( 5.55-5.35 (m, 3H), 4.35-4.25 (m, 1 H), 4.20-3.98 (m, 2H), 3.72 (t, J=4.8 Hz, 2H), 3.56 (q, J=7.2 Hz, 2H), 2.85 (t, J=5.4 
' Hz, 2H), 2.77 (dd, J=5.4, 13.2 Hz, 1H), 2.69 (dd, J=7.8, 13.2 Hz, 1H), 2.40-1.85 (m, 10H), 1.80-1.60 (m f 2H), 1.24 (t, 
45 J=7.2 Hz, 3H). 
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Example 4 (2) 



(9P,11a,15y.9-chloro-11 I 15-dihydroxy-1 6.(3.ethyM.hydroxyphenyl)-17 > 18 l 19 ) ; 
[0142] 



20-tetranorprost-5Z J 13E-dienoic acid 



10 



15 



COOH 




more polar: 

20 TLC: Rf 0.36 (chloroform : methanol = 9 ■ 1)- 

(m, 1 0H), 1 .71 (m, 2H), 1 .22 (t, J=7.5 Hz, 3H). ( >' (q ' J=7 S HZ ' 2H >' 2 45 4H >- 2-42-1 .86 

25 Example 4 (3) 

[0143] 

30 



35 



40 



45 



k COOH 




50 



less polar: 

TLC: Rf 0.26 (chloroform : methanol = 9 ■ 1)- 

"•2i(H2*1S(m.10H).1.!.r.6 Sm. ' , ' J " 8HZ ''" ) ' 2M<<M "'- 13 .e*.'H) l 2ra(«J.13,7Hz.,H), 
more polar: 

TLC: Rf 0.24 (chloroform : methanol = 9 ■ 1)- 
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Example 4 (4) 

(9p.11 a,1 5£)-9-chloro-1 1 ,1 5-dihydroxy-1 6-[3-(2-isopropyloxyethyl)phenyi]-1 7,1 8,1 9,20-tetranorprost-5Z, 1 3E-dienoic 
acid 

[0144] 




more polar: 

TLC: Rf 0.44 (chloroform : methanol = 10:1); 

NMR(CDCI 3 ): 8 7.28-7.01 (m, 4H), 5.62 (dd, J=15.3, 5.7 Hz, 1H), 5.58-5.36 (m, 3H), 4.43-4.30 (m, 1H), 4.10-3.98 (m, 
2H), 3.70-3.52 (m, 3H), 3.50-3.00 (br, 3H), 2.92-2.74 (m, 4H), 2.43-1.84 (m, 10H), 1.80-1.60 (m, 2H), 1.15 (d, J=6.0 
Hz, 6H). 

Example 4 (5) 

(9p,11a,15^-9-chloro-11,15-dihydroxy-1^ 
acid 

[0145] 




more polar: 

TLC: Rf 0.34 (chloroform : methanol = 10:1); 

NMR(CDCI 3 ): 8 7.35-7.08 (m, 4H), 5.65 (dd, J=15.6, 5.2 Hz, 1 H), 5.59-5.35 (m, 3H), 4.48 (s, 2H), 4.47-4.37 (m, 1H), 
4.12-3.92 (m, 2H), 3.73 (sep, J=5.8 Hz, 1H), 2.91 (dd, J=13.4, 5.6 Hz, 1H), 2.81 (dd, J=13.4, 7.0 Hz, 1H), 2.74-1.82 
(m, 13H), 1.82-1.54 (m, 2H), 1.23 (d, J=5.8 Hz, 6H). 
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Example 4 (6) 
[0146] 



10 



15 



20 



25 



30 



COOH 




more polar: 

TLC: Rf 0.37 (chloroform : methanol = 9:1) 



2H). ( ' 3H) ' 341 (S ' 3H) ' 2 - 92 " 2 - 76 < m - 2H >> 2.40-1 .86 (m, 1 0H), 1 .80-1 .60 (m, 



Example 4 (7) 



(9pJ1a,15$)-9-chlo^ 



tetranorprost-5Z,13E-dienoic acid 



[0147J 



35 



40 




more polar: 

45 TLC: Rf 0.31 (chloroform : methanol =10 1)- 
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Example 4 (8) 

(90,1 1 a ,1 5£)-9-chloro«1 1 ,1 5-dihydroxy-1 6-(3-propyl-4-hydroxyphenyl)-1 7 ,1 8, 1 9,20-tetranorprost-5Z l 13E-dienoicacid 
[0148] 




more polar: 

TLC: Rf 0.29 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 6.95 (d, J=2.1 Hz, 1 H), 6.89 (dd, J=2.1 , 8.4 Hz, 1 H), 6.69 (d, J=8.4 Hz, 1 H), 5.70-5.38 (m, 4H), 4.42-4.30 
(m, 1 H), 4.1 7-4.00 (m, 2H), 2.86-2.68 (m, 2H), 2.55 (t, J=7.5 Hz, 2H), 2.40-1 .85 (m, 1 0H), 1 .85-1 .50 (m, 4H), 0.97 (t, 
J=7.2 Hz, 3H). 

Example 4 (9) 

(9P,1 1a,1 5£)-9-chloro-1 1 ,1 5-dihydroxy-1 6-[3-(2-propyloxyethyl)phenyl]-1 7,1 8,1 9,20-tetranorprost-5Z,13E-dienoic 
acid 

[0149] 




more polar: 

TLC: Rf 0.45 (chloroform : methanol =10:1); 

NMR(CDCI 3 ): 5 7.30-7.00 (m, 4H), 5.63 (dd, J=15.4, 5.4 Hz, 1H), 5.57-5.35 (m, 3H), 4.45-4.30 (m, 1 H), 4.13-3.96 (m, 
2H), 3.96-3.00 (br, 3H), 3.64 (t, J=7.1 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.94-2.70 (m, 4H), 2.40-1 .82 (m, 1 0H), 1 .82-1 .48 
(m, 4H), 0.89 (t, J=7.3 Hz, 3H). 
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Example 4 (10) 



5 [0150] 



tetranorprost-52, 1 3E-dienoic acid 



10 



15 



25 



30 



35 



40 



45 




more polar: 

2 TLC: w 0 55 (chloroform : methanol = 9 ■ 1)- 

0.94<I,J,7.4H2,3H). ^ ^ 2 34 "' ^ *■ 2 ">. «M l">, aft 1.7M« ( m , 



Example 4 (11) 
[0151] 



COOH 




more polar: 

TLC: Rf 0.55 (chloroform : methanol = 9:1) 



Hz, 1H), 2.4-1.8 (m, 12H). 1 ' 1 358 (q ' J=? H2 ' 2H ^ 2 91 ( d * J=14, 6 Hz, 1H), 2.83 (dd, J=14 6 
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Example 4 (12) 

(9p,11a,15£)-94luoro-11,15-dihydro acid 
[0152] 




more polar: 

TLC: Rf 0.67 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 7.36-7.08 (m, 4H), 5.65 (dd, J=15, 5.4 Hz, 1H), 5.57-5.33 (m, 3H), 4.78 (m, 1H), 4.48 (s, 2H), 4.43 (m, 
1H), 3.98 (m, 1H), 3.51 (br, 3H), 3.47 (t, J=6.8 Hz, 2H), 2.87 (m, 2H), 2.40-1.54 (m, 14H), 0.94 (t, J=7.5 Hz, 3H). 

Reference Example 19 

(9a, 1 1 a)«9-acety loxy- 1 1 -(2-tetrah^ 
13E-enoic acid methyl ester 

[0153] 




[0154] Under atmosphere of argon, to a solution of 3-(3-methoxymethylphenyl)-2-oxopropylphosphonicacid dimethyl 
(172 mg) in anhydrous tetrahydrofuran (10 ml) was added sodium hydride (62.5%, 22 mg) and the obtained white 
suspension was stirred for 45 minutes. Thereto was added a solution of methyl 7-[(1 R,2R,3R,5S)-5-acetyloxy-2-formyl- 
3-{2-tetrahydropyranyloxy) cyclopentan-1 -yl]heptanoate (200 mg) in anhydrous tetrahydrofuran (6 ml) and the mixture 
was stirred for 20 hours. The reaction was quenched by adding acetic acid at 0 °C and the mixture was poured into 
water. The reaction mixture was extracted with ethyl acetate and the organic layer was washed with a saturated aqueous 
solution of sodium chloride, dried over anhydrous sodium sulfate and concentrated. The residue was purified by column 
chromatography on silica gel (hexane : ethyl acetate = 3 : 1->2 : 1) to give the title compound having the following 
physical data (209 mg). 
Description : yellow oil; 
TLC: Rf 0.29 (hexane : ethyl acetate = 2:1); 

NMR(CDCI 3 ): 8 7.40-7.10 (m, 4H), 6.78 (m, 1H), 6.25 (m, 1H), 5.11 (m, 1H), 4.47 (m, 1H), 4.44 (s, 2H), 4.20-3.20 (m, 
3H), 3.84 (s, 2H), 3.66 (s, 3H), 3.39 (s, 3H), 2.77-2.32 (m, 2H), 2.29 (t, J=7.6 Hz, 2H), 2.05 (s, 3H), 1 .89-1 .02 (m, 1 8H). 
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Reference Example 20 
[0155] 



10 



15 



AcQ 



THPO 




20 



25 



30 



35 



To the reaction solution wa added borohJSdi ( ol t so u io ^fr,' 1 *" 6 (1 M S ° IUti ° n in t0 ' Uene ' 73 ^». 
utes and the mixture was stirred for « Sei T^e IT tetrahydrofur ^ 220^1+70^1) over a period of 2 min- 
<^^mMm^^Ji^^^J^"!r qU6nChed by addin9 meM at 0 °C and the 
* -odium chlorkte.driedovw^ 

column chromatography on silica ge ZantTy aitete Z "T The re8idue - P-«ed by 

polar isomer at 15-position) having the following phlica data ' ' ^ ^ C ° mp ° Und (164 m * ™ re 

Description : colorless oil ; 
TLC: Rf 0.43 (hexane : ethyl acetate = 1 • 1)- 

1 .98-1 .02 (m, 18H). ( ' >' 2,83 (m ' 2H) ' 2 67 - 2 ' 33 < m ' 2H )' 2 -29 ft J=7.5 Hz, 2H), 2.05 (s, 3H), 

Reference Example 21 

Sol^^^ 
[0157] 



40 



45 



50 




THPO 



mixture was stirred overniqht The reaction mi«f..»»« } ° d Py ndln,um P-tosylate (7.8 mg) and the 

"^saturated aqueous 9 ^ 

orated to give the crude compound The crude res dl 2 Z , I ^ ^ and the solvent was ev *P- 
a 2N aqueous solution of sM^^ TZ Z 2 methan °' (4 m ° a ° d t0 the Solution was "«* 
acidified by adding a 1 N ^^2^^SSr 0 ?2^ 2 T ^ r6aC, ' 0n WaS 
acetate. The organic layer was washed ^J-^^S 
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over anhydrous sodium sulfate and the solvent was evaporated to give the crude compound (199 mg). The crude 

compound was used in the next reaction without further purification. 

Description : pale yellow oil; 

TLC: Rf 0.30 (hexane : ethyl acetate = 1:3). 

5 

Example 5 

(11aJ5a)-9-oxo-11,15-dihydroxy-16-(3-methoxymethylphenyl)-17J8,19,20-tetranorprost-13E-enoicactd 
w [0159] 



15 



20 




[0160] Under atmosphere of argon, to a solution of the compound synthesized in reference example 21 (1 99 mg) in 
acetone (1 .5 ml) was added Jones reagent at -30 °C until the starting material disappeared. To the mixture was added 

25 isopropanol and the mixture was warmed to -1 5 °C and thereto was added diethyl ether and water. The reaction mixture 
was extracted with diethyl ether and the organic layer was washed with water twice and a saturated aqueous solution 
of sodium chloride, dried over anhydrous sodium sulfate and the solvent was evaporated to give the crude compound. 
The crude compound was dissolved in a mixture of acetic acid-tetrahydrofuran-water (2 ml + 1 ml + 0.5 ml). The reaction 
solution was stirred for 2 hours at 50 °C. The reaction solution was extracted with ethyl acetate. The organic layer was 

30 washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and the solvent 
was evaporated under reduced pressure. The residue was purified by column chromatography on silica gel (hexane : 
ethyl acetate =1 : 2 + 1% acetic acid-»1 : 4 + 1% acetic acid) to give the title compound (80 mg) having the following 
physical data. 

Description : pale yellow oil; 
35 more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.33-7.10 (m, 4H), 5.73 (dd, J=15, 6.3 Hz, 1H), 5.53 (dd, J=15, 8.6 Hz, 1H), 4.49-4.37 (m, 3H), 3.94 
(m, 1H), 3.42 (s, 3H), 3.38 (br, 3H), 2.89 (dd, J=14, 5.6 Hz, 1H), 2.82 (dd, J=14, 7.2 Hz, 1 H), 2.69 (ddd, J=19, 7.7, 1 .1 
Hz, 1H), 2.32 (t, J=7.8 Hz, 2H), 2.31 (m t 1H), 2.20 (dd, J=19, 9.8 Hz, 1H), 1.97 (m, 1H), 1.67-1.20 (m, 10H). 

40 

Example 5(1) -5 (15) 

[0161 ] By the same procedures as described in reference example 1 9-21 and example 5, the title compounds having 
the following physical data were obtained. 

45 
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Example 5 (1) 



5 [0162] 



10 



15 



25 




more polar: 

TLC: Rf 0.60 (ethyl acetate : acetic acid = 20 ■ 1)- 

(m, 1H), 1.7-1,2 (m, 10H), 1.15 (<j, j=6 Hz, &H) 2 - 6 ( rn - 5H ). 2 < t-2.3(m,3H),2.21 (dd, J=18, 7 Hz, 1H), 2.0-1 9 



Example 5 (2) 
[0163] 



1 7, 1 8, 1 9,20-tetranorprost- 1 3E-enoic acid 



30 



35 




40 



45 



more polar: 

TLC: Rf 0.59 (ethyl acetate : acetic acid = 20 ■ 1)- 
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Example 5 (3) 

(11a ,1 5^)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethyl-5-methoxyphenyl)-1 7,18,1 9,20-tetranorprosM 3E-enoic acid 
[0164] 




more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 6.81 (m, 1H), 6.72 (m, 2H), 5.73 (dd, J=15, 6.0 Hz, 1H), 5.54 (dd, J=15, 8.5 Hz, 1H), 4.41 (s, 2H), 4.40 
(m, 1H), 3.96 (m, 1H), 3.80 (s, 3H), 3.43 (br, 3H), 3.41 (s, 3H), 2.82 (m, 2H), 2.71 (dd, J=18, 7.2 Hz, 1H), 2.44-2.12 
(m, 4H), 1.96 (m, 1H), 1.74-1.18 (m, 10H). 

Example 5 (4) 

(11a,15^)-9-oxo-11,15-dihydroxy-16-[3-(2-propyloxyethyl)phenyl]-17,18,19,20-tetranoro acid 
[0165] 




more polar: 

TLC: Rf 0.51 (chloroform : methanol = 9 ; 1); 

NMR(CDCI 3 ): 5 7.31-7.00 (m, 4H) t 5.75 (dd, J=15, 5.9 Hz, 1H), 5.57 (dd, J=15, 8.6 Hz, 1 H), 4.42 (m, 1H), 3.98 (m, 
1H), 3.67 (t, J=7.4 Hz, 2H), 3.42 (t, J=6.8 Hz, 2H), 2.96-2.79 (m, 4H), 2.71 (dd, J=18, 7.4 Hz, 1H), 2.38 (br, 3H), 
2.37-2.12 (m, 4H), 1.98 (m, 1H), 1.71-1.13 (m, 12H), 0.89 (t, J=7.3 Hz, 3H). 
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Example 5 (5) 



[0166] 



19,20-tetranorprost-52,13E-dienoic acid 



10 



15 




more polar: 

TLC: Rf 0.60 (ethyl acetate : acetic acid = 20 ■ 1 )■ 

116(0, M lift, 6H). ' H> ' 3 " K 3Hl "« < m ' 5"). "41 W), 1*1 ., , m , ^ 

Example 5 (6) 

[0167] 



30 



35 
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more polar: 

TLC: Rf 0.59 (ethyl acetate : acetic acid = 20 ■ 1)- 
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Example 5 (7) 

(11a,15£)-9-oxo-11 ,15-dihydroxy-16-(3-methoxymethyl-5-meth^ 
acid 

[0168] 




more polar: 

TLC: Rf 0.48 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 6.81 (m, 1H), 6.72 (m, 2H), 5.71 (dd, J=15, 5.4 Hz, 1H), 5.55 (dd, J=15, 7.9 Hz, 1H), 5.40 (m, 2H), 
4.44 (m, 1H), 4.41 (s, 2H), 3.96 (m, 1H), 3.80 (s, 3H), 3.42 (s, 3H), 3.38 (br, 3H), 2.84 (m, 2H), 2.70 (dd, J=19, 7.3 Hz, 
1 H), 2.45-1 .98 (m, 9H), 1 ,66 (m, 2H). 

Example 5 (8) 

(11a,15S)-9-oxo-11,15-dihydroxy-16-[3-^ acid 
[0169] 




more polar: 

TLC: Rf 0.49 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 5 7.31-7.00 (m, 4H), 5.71 (dd, J=16, 5.6 Hz, 1H), 5.56 (dd, J=16, 7.9 Hz, 1H), 5.39 (m, 2H), 4.42 (m, 
1H), 3.97 (m, 1H), 3.95 (br, 3H), 3.66 (t, J=7.1 Hz, 2H), 3.41 (t, J=6.8 Hz, 2H), 2.94-2.78 (m, 4H), 2.70 (dd, J=19, 7.2 
Hz, 1H), 2.46-1.95 (m, 9H), 1.79-1.47 (m, 4H), 0.89 (t, J=7.4 Hz, 3H). 
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Example 5 (9) 
5 [0170] 



tetranorprost-13E-enoic acid 



10 



15 



25 



30 



35 



40 




more polar: 

TLC: Rf 0.59 (ethyl acetate : acetic acid = 20 ■ 1 )• 

»'« (m. 2H). , 70., .OS („,, ,2H, ojSft".' " JfiT' ""' "* 272242 4H >< 2 ««*> (no 3H), 



Example 5 (10) 

(11«,1^-9.oxo.11,5.dihydroxy-16.(3.prop y ,.4.hydroxyph 
[0171] 




more polar: 

TLC: Rf 0.60 (ethyl acetate : acetic acid = 20 • 1)- 
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Examples (11) 

(11 a, 1 5£)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-propyloxymethylphenyl)-1 7,18,1 9,20-tetranorprost-1 3E-enoic acid 



more polar: 

TLC: Rf 0.56 (ethyl acetate : acetic acid = 20 : 1 ); 

NMR(CDCI 3 ): 6 7.38-7.07 (m, 4H), 5.75 (dd, J=15.4, 6.2 Hz, 1H), 5.51 (dd, J=15.4, 8.8 Hz, 1H), 4.48 (s, 2H), 4.40 (m, 
1 H), 3.94 (m, 1 H), 3.48 (t, J=6.8 Hz, 2H), 2.97-2.60 (m, 3H), 2.41 -1 .88 (m, 5H), 1 .75-1 .1 5 (m, 1 2H), 0.94 (t, J=7.4 Hz, 
3H). 

Examples (12) 

(11a,15a)-9-oxo-11 ,15-dihydroxy-16-(3-ethoxymethylphenyl)-1 ,6-(1 ^-phenylene^.SAS.^.IS.ig^O-octanorprost- 
13E-enoic acid 



more polar: 

TLC: Rf 0.31 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 6 7.98 (d, J=8 Hz, 2H), 7.3-7.1 (m, 6H), 5.72 (dd, J=15, 6 Hz, 1H), 5.43 (dd, J=15, 9 Hz, 1H), 4.45 (s, 
2H), 4.40 (q, J=6 Hz, 1 H), 3.91 (q, J=8 Hz, 1 H), 3.57 (q, J=7 Hz, 2H), 2.9-2.6 (m, 5H), 2.4-2.3 (m, 1 H), 2.23 (dd, J=1 8, 
9 Hz, 1 H), 2.0-1 .9 (m, 2H), 1 .8-1 .7 (m, 1 H), 1 .26 (t, J=7 Hz, 3H). 



[0172] 




[0173] 
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Example 5 (13) 



5 [0174] 



13E-enoic acid 



10 



15 




more polar: 

20 ™_°: 55 (ethyl acetate : aceti c acid = 20 : 1 ); 



25 



30 



35 



Examples (14) 
[0175] 



Hz, 1H), 
10H). 



13E-dienoicacid 




40 more polar: 

TLC: Rf 0.52 (ethyl acetate : acetic acid = 20 ■ 1 ) 

NMR(CDCy: 8 7.31-7,8 (m> 1H), 7,4-7.00 <m, 3H), 5.72 (dd, J=1 5 . 0 , 5.6 Hz, 1H), 5, 



45 



5.48-5.26 (m, 2H), 4.43 (m, 1H), 3 97 (m 1H) 3 65 t J-6 6 Hj> m ' H) ' 5 56 J=15 °' 7 4 Hz ' 1 ">. 

9H), 1 .80-1 .45 (m, 2H). ' ' 65 (t ' J " 6 6 Hz ' 2H >' 3 35 3H ). 2 98-2.60 (m, 5H), 2.46-1 .90 (m, 
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Example 5 (15) 

( 1 1 a, 1 5^)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-propyloxymethylphenyl)-1 7, 1 8, 1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
5 [0176] 




more polar: 

TLC: Rf 0.56(ethyl acetate : acetic acid = 20 : 1); 
20 NMR(CDCI 3 ): 5 7.38-7.08 (m, 4H), 5.73 (dd, J=15.4, 6.2 Hz, 1H), 5.53 (dd, J=15.4, 8.0 Hz, 1H), 5.50-5.27 (m, 2H), 
4.59-4.37 (m, 3H), 3.92 (m, 1 H), 3.49 (t, J=6.8 Hz, 2H), 3.38-1 .87 (m, 1 2H), 1 .84-1 .52 (m, 4H), 0.94 (t, J=7.4 Hz, 3H). 

Reference Example 22 

25 (1 1 a, 1 5a)-9-butanoyloxy-1 1 , 1 5-bis(t-butyldimethylsilyloxy)-1 6-(3-methoxymethylphenyl)- 17,18,1 9,20-tetranorprost- 
8,13E-dienoic acid 2-(t-butyldimethylsilyloxy)ethyl ester 

[0177] 

30 



35 



40 




[0178] Under atmosphere of argon to a solution of (3S)-1 -iodo-4-(3-methoxymethylphenyl)-3-t-butyldimethylsilyloxy- 
1 E-butene (186 mg) in anhydrous diethyl ether (2.0 ml) was added t-butyl lithium (1 .64 M solution in pentane, 0.52 ml) 
dropwise at -78 °C and the mixture was stirred for 45 minutes at the same condition . Thereto was added lithium 2-thienyl- 

45 cyano cuprate (0.25 M solution in tetrahydrofuran, 2.1 ml) dropwise and the obtained yellow sepia solution was stirred 
for 1 5 minutes. Thereto was added a solution of 2-[6-(2-t-butyldimethylsilyloxyethoxy)carbonylhexyl]-4 a -t-butyldimeth- 
ylsilyloxy-2-cyclopenten-1-one (155 mg) in anhydrous diethyl ether (2.0 ml) dropwise slowly and the obtained dark 
yellow solution was allowed to warm over a period of 40 minutes to -20 °C. Thereto was added lactic anhydride (0.1 6 
ml) and the mixture was stirred for 30 minutes at the same condition. The reaction was terminated by adding a mixture 

50 of a saturated aqueous solution of ammonium chloride and a 28% aqueous solution of ammonia (9:1), and the mixture 
was allowed to warm to room temperature. The reaction mixture was extracted with ethyl acetate and the organic layer 
was washed with a mixture of a saturated aqueous solution of ammonium chloride and a 28% ammonia water (9:1), 
and then with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and the solvent 
was evaporated. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 20 : 1) to 

55 give the title compound (185 mg) having the following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.51 (hexane : ethyl acetate = 9:1); 

NMR(CDCl 3 ): 5 7.3-7.1 (m, 4H), 5.60 (dd, J=15, 5 Hz, 1H), 5.42 (dd, J=15, 9 Hz, 1H), 4.42 (s, 2H), 4.3-4.2 (m, 1H), 
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C, OH), 0.87 („, 8H). 0.8, ft. OH), 0.06 (a . 6H >| O.M(. ' ""' "* ° M " *' 3H >' 0J » 

5 Example 6 

'0 [0179] 
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solvent was evaporated under reduced oressure ZST chlorlde ; dn f d over anhydrous sodium sulfate and the 
(hexane : ethy. acetate ^^SSl^SS'J^T ^f-, C0 ' Umn chromat °3 r aPhy on silica gel 
Description : colorless oil; > 9 6 *" C ° mP ° Und (79 mg) havin 9 the fo «owing physical data. 

TLC: Rf 0.48 (ethyl acetate); 

Example 6 (1)~6 (4) 

ZZZZS^^^ in referenCe 6Xample 22 a " d «««* 6 ' - tme compounds having 
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Example 6 (1) 

(11a p 15a)-9-butanoyloxy-11,15-d^^ 
methyl ester 

[0182] 




TLC: Rf 0.1 8 (ethyl acetate : hexane = 2:1); 

NMR(CDCI 3 ): 8 7.3-7.1 (m, 4H), 5.67 (dd, J=15, 6 Hz, 1H), 5.45 (ddd, J=15, 9, 1 Hz, 1H), 4.43 (s, 2H), 4.45-4.35 (m, 
1H), 4.1-4.0 (m, 1H), 3.68 (s, 3H), 3.42 (s, 3H), 3.1-3.0 (m, 1H), 2.9-2.8 (m, 3H), 2.45-2.35 (m, 1H), 2.39 (t, J=7 Hz, 
2H), 2.29 (t, J=7 Hz, 2H), 2.3-2.2 (br, 1H), 2.1-1.95 (m, 1H), 1.8-1.5 (m, 7H), 1.4-1.2 (m, 6H), 1.00 (t, J=7 Hz, 3H). 

Example 6 (2) 

( 1 1 a. 1 5a)-9-butanoyloxy- 1 1 , 1 5-dihydro 
acid methyl ester 

[0183] 




TLC: Rf 0.20 (ethyl acetate : hexane = 2:1); 

NMR(CDCI 3 ): 8 6.94 (d, J=2 Hz, 1H), 6.87 (dd, J=8, 2 Hz, 1 H), 6.70 (d, J=8 Hz, 1H), 5.62 (dd, J=15, 7 Hz, 1H), 5.43 
(dd, J=15, 9 Hz, 1 H), 5.29 (s, 1 H), 4.39 (q, J=6 Hz, 1 H), 4.1-4.0 (m, 1 H), 3.68 (s, 3H), 3.1 -3.0 (m, 1 H), 2.9-2.8 (m, 1 H), 
2.74 (d, J=7 Hz, 2H), 2.45-2.35 (m, 1 H), 2.39 (t, J=7 Hz, 2H), 2.31 (t, J=7 Hz, 2H), 2.23 (s, 3H), 2.1 -2.0 (m, 1 H), 2.0-1 .9 
(m, 1 H), 1 .8-1 .5 (m, 6H), 1 .4-1 .1 (m, 6H), 1 .00 (t, J=7 Hz, 3H). 
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Example 6 (3) 
[0184] 



20-tetranorprost- 
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TLC: Rf 0.47 (ethyl acetate : acetic acid = 50 ■ 1 )• 

3H), 2,1-2.0 (m, ,H). 1.72-1 55 fn'tH). i.iu J m «, ""' "* "** '">' «), 2.4-2.3 (m, 

Example 6 (4) 

[0185] 



35 
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TLC: Rf 0.26 (ethyl acetate : hexane = 2:1); 



COOMe 




(s, 2H), 4.45-4.3 (m, 1H), 
2.30 (t,J=7 Hz, 2H), 2.15 
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Reference example 23 

(9a,11a,15a)-9-hydroxy-11 J5-bis{t-butyldimethylsilylo^ 
13E-enoic acid methyl ester 

[0186] 




[0187] (11 a, 15 a)-9-oxo-11,15-bls(t-butyldimethylsilyloxy)-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranor- 
20 prost-13E-enoic acid methyl ester (278 mg, synthesized in reference example 13) was dissolved in anhydrous THF (8 

ml) and the mixture was cooled to -78 °C. Thereto was added lithium tri-sec-butylborohydride (1.0M solution in THF 

(L-selectride®), 0.46 ml) and the mixture was stirred for 1 hour. To the mixture was added a 31% aqueous solution of 

hydrogen peroxide (1 .6 ml) and diluted with ethyl acetate. The organic layer was washed with a 1 N hydrochloric acid, 

a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride successively, 
25 dried over anhydrous sodium sulfate and concentrated. The residue was purified by flash column chromatography on 

silica gel (hexane : ethyl acetate = 20 : 1^10 : 1-»4 : 1) to give the title compound (173.7 mg) having the following 

physical data. 

Description : colorless oil; 

TLC: Rf 0.46 (hexane : ethyl acetate = 4:1); 
30 NMR(CDCI 3 ): 8 7.30-7.03 (m, 4H), 5.48 (dd, J=15.4 Hz, 5.6 Hz, 1H), 5.34 (dd, J=15.4 Hz, 8.6 Hz, 1H), 4.42 (s, 2H), 

4.29-3.94 (m, 3H), 3.65 (s, 3H), 3.37 (s, 3H), 2.73 (d, J=6.6 Hz, 2H), 2.29 (t, J=7.5 Hz, 2H), 2.24-2.1 2 (m, 1 H), 1 .86-1 .10 

(m, 14H), 0.86 (s, 9H), 0.81 (s, 9H), 0.04 (s, 6H), -0.12 (s, 3H), -0.23 (s, 3H). 

Reference Example 24 

35 

(9a,1 1 a,1 5 a)-9-tosyloxy-1 1 ,1 5-bis(t-butyldimethylsityloxy)-1 6-(3-methoxymethylpheny!)-1 7,1 8,1 9,20-tetranorprost- 
13E-enoic acid methyl ester 

[0188] 

40 



45 



50 




[0189] The compound synthesized in reference example 23 (173.7 mg) was dissolved in pyridine (3 ml) and the 
mixture was cooled to 0 °C. Thereto was added tosyl chloride (500 mg) and the mixture was allowed to warm to room 
55 temperature. After stirring for 15 hours, thereto was added tosyl chloride (500 mg) and the mixture was stirred for 5.5 
hours at room temperature, cooled to 0 °C and thereto was added water to terminate the reaction. The reaction solution 
was diluted with ether and the organic layer was washed with water and a saturated aqueous solution of sodium 
chloride, dried over anhydrous sodium sulfate, concentrated. The solvent was separated as azeotropic mixture with 
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oXTXr o C r P ° Und °' C ° mP0Und (21 75 ™ ^ - ^ Physics, data. 
TLC: Rf 0.62 (benzene : ethyl acetate =10:1). 

Example 7 
[0190] 
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hour, the mixture was diluted with ether and th* ftr I . 9) 9 miXture was warmed to 55 °C. After 1 

(2 ml) and to the mixture was added pyridine (0 2 mn and th! ™T ™° reS ' dU6 Was dissolved in acetonitrile 
drofluoric acid-pyridine (0 5 ml) and afte 5 minJtff ,h! Z W ° W3S C00led t0 0 ° C ' Heret ° was added hy- 

hours, the mixture was Led T ^ ,0 t0 r °° m ter ~- Aft « 1 J 

solution of sodium bicarbonate and XSSS^^JZ 3 SatUrated 

sodium sulfate and concentrated The residue 3^*^ ^ rt ^ 8U ^^ driedoveranh ^» 
acetate= 1 : 2 ) and Lo5arcolumn (2^^^?^^^:^ °" *" 8- ^ ' «*" 
following physical data. P PV - 20 . 1 ) to give the title compound (55.S mg) having the 

Description : colorless oil; 
TLC: Rf 0.42 (hexane : ethyl acetate = 1 ■ 2V 

NMR(CDCI 3 ): 8 7.32-7.06 (m, 4H), 5.56 (dd J=15 0 Hz 6 2 ihu ao ,aa 
Example 7(1) 
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NMR(CDCt 3 ): 8 7.32-7.05 (4H, m), 5.57 (1H, dd, J=15.3 Hz, 6.5 Hz), 5.51-5.26 (3H, m), 4.45 (2H, s), 4.36-4.22 (1H, 
m), 4.06-3.90 (2H, m), 3.66 (3H, s), 3.55 (2H, q, J=7.0 Hz), 3.02-2.68 (4H, m), 2.38-1 .82 (1 OH, m), 1 .78-1 .58 (2H, m), 
1.24 (3H,t, J=7.0 Hz). 

5 Example 8 

(90,1 1a, 15 aJ-g-chloro-II.IS-dihydroxy-ie-fS-methoxymethylphenyO-l 7,18,19,20-tetranorprost-13E-enoic acid 
[0194] 



15 




20 

[0195] The compound synthesized in example 7 (50.0 mg) was dissolved in methanol (2 ml) and thereto was added 
a 2N aqueous solution of sodium hydroxide (1 ml). After 1 hour, the solution was acidified with a 1 N hydrochloric acid 
and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of 
sodium chloride, dried over anhydrous sodium sulfate, concentrated and the residue was purified by column chroma- 
25 tography on silica gel (ethyl acetate-»ethyl acetate : acetic acid = 50 : 1) to give the title compound (47.5 mg) having 
the following physical data. 
Description : pale yellow oil; 
TLC: Rf 0.55 (ethyl acetate : acetic acid = 50 : 1); 

NMR(CDCI 3 ): 8 7.34-7.09 (m, 4H), 5.62 (dd, J=15.4 Hz, 5.8 Hz, 1H), 5.47 (dd, J=15.4 Hz, 7.6 Hz, 1H), 4.44 (s, 2H), 
30 4.43-4.32 (m, 1H), 4.12-3.90 (m, 2H), 3.41 (s, 3H), 2.95-2.73 (m, 2H), 2.32 (t, J=6.9 Hz, 2H), 2.28-1.77 (m, 4H), 
1.72-1.52 (m, 2H), 1.52-1.16 (m, 11H). 

Example8(1)-8(9) 

35 [01 96] By the same procedures as described in reference example 1 3, 23, 24 and example 7 and 8, the title compound 
having the following physical data were obtained. 

Example 8 (1) 

40 (9p,11a ,15 a)-9-chloro-11 l 15-dihydroxy-16-[3-(2-ethoxyethyl)phenyl]-17,18,19,20-tetranorprost-13E-enoic acid 
[0197] 




55 TLC: Rf 0.34 (ethyl acetate); 

NMR(CDCI 3 ): 8 7.26-7.00 (m, 4H), 5.62 (dd, J=15.4, 6.0 Hz, 1H), 5.49 (dd, J=15.4, 7.4 Hz, 1H), 4.70-4.22 (m, 2H), 
4.20-3.80 (m, 4H) ( 3.64 (t, J=7.1 Hz, 2H), 3.51 (q, J=7.0 Hz, 2H), 2.94-2.68 (m, 4H), 2.32 (t, J=7.3 Hz, 2H), 2.28-1 .78 
(m,4H), 1.78-1.25 (m, 10H), 1.19 (t, J=7.0 Hz, 3H). 
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Example 8 (2) 



5 [01 98] 



20-tetranorprost-13E-enoic acid 
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TLC: Rf 0.25 (chloroform : methanol = 9:1); 




Example 8 (3) 
[0199] 



35 



40 
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TLC: Rf 0.47 (chloroform : methanol = 9 • 1)- 



J=15, 8.0 Hz, 1H), 
(m, 6H). 
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Example 8 (4) 

(9p,11a,15a)-9<hloro-11,15-dihydroxy^^ acid 
[0200] 




TLC: Rf 0.45 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.25 (1H, m), 7.10 (3H, m), 5.62 (1H, dd, J=15 ( 5.4 Hz), 5.51 (1H, dd, J=15, 7.0 Hz), 5.44 (2H, m), 
4.63 (2H, dt, J=47, 6.4 Hz), 4.37 (1H, m), 4.22 (3H, br), 4.03 (2H, m), 2.98 (2H, dt, J=24, 6.4 Hz), 2.82 (2H, m), 2.35 
(2H, t, J=6.9 Hz), 2.30-1 .87 (8H, m), 1 .68 (2H, m). 

Example 8 (5) 

(9p.11 ct,1 5a)-9-chloro-1 1 ,1 5-dihydroxy-1 6-[3-(2-ethoxyethyl)phenyl]-1 7, 1 8,1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
[0201] 




TLC: Rf 0.54 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 8 7.23 (m, 1 H), 7.06 (m, 3H), 5.62 (dd, J=1 5, 5.6 Hz, 1 H), 5.57-5.36 (m, 3H), 4.38 (m, 1 H), 4.03 (m, 2H), 
3.80 (br, 3H), 3.65 (t, J=7.2 Hz, 2H), 3.52 (q, J=7.0 Hz, 2H), 2.87 (t, J=7.2 Hz, 2H), 2.81 (m, 2H), 2.34 (t, J=6.8 Hz, 
2H), 2.29-1.87 (m, 8H), 1.68 (m, 2H), 1.20 (t, J=7.0 Hz, 3H). 

Example 8 (6) 

(9p,1 1 a,1 5a)-9-chloro-1 1 , 1 5-dihydroxy-1 6-(3-ethoxymethylphenyl)-1 7, 1 8, 1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
[0202] 
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TLC: Rf 0.63 (ethyl acetate : acetic acid = 50 • 1)- 
Example 8 (7) 

[0203] 
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TLC: Rf 0.29 (chloroform : methanol = 9 • \y 

C 3H). , 9 , m , 7H),1.9., .7 , m , ,''„>, , » 2 57 <* J "». 8 ,H), 2 . 29 „, j, 7 „ z , 2H) , 2 , J 

Example 8 (8) 

[0204] 
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TLC: Rf 0.42 (chloroform : methanol = 9 • 1)- 
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Example 8 (9) 

(9p,1 1 <x,1 5a)-9-fluoro-1 1 ,1 5 -di hydroxy- 1 6-(3-methoxymethylphenyl)-1 7,1 8, 1 9,20-tetranorprost-5Z, 1 3E-dienoic acid 
[0205] 




TLC: Rf 0.45 (chloroform : methanol = 9 : 1); 

NMR(CDCI 3 ): 5 7.36-7.08 (m, 4H), 5.63 (dd, J=15, 5.8 Hz, 1H), 5.57-5.31 (m, 3H), 4.77 (m, 1H), 4.43 (s, 2H), 4.42 (m, 
1H), 4.11 (br, 3H), 3.98 (m, 1H), 3.41 (s, 3H), 2.86 (m, 2H), 2.40-1.54 (m, 12H). 

Example 9 

(11a, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy-1 6-(3-methoxymethyiphenyl)-1 7,1 8,1 9,20-tetranorprost-2E, 1 3E-dienoic acid 
methyl ester 

[0206] 




[0207] By the same procedures as described in reference example 13 and example 1 using the compound synthe- 
sized in reference example 12, the title compound having the following physical data was obtained. 
TLC: Rf 0.26 (ethyl acetate); 

NMR(CDCI 3 ): 5 7.3-7.1 (m, 4H), 6.93 (dt, J=16,7 Hz/1H), 5.80 (d, J=16 Hz, 1H), 5.73 (dd, J=15,6 Hz, 1H),5.50 (dd, 
J=15,8 Hz, 1H), 4.5-4.35 (m, 3H), 3.92 (q, J=8 Hz, 1H), 3.72 (s, 3H), 3.41 (s, 3H), 2.91 (dd, J = 14, 7 Hz, 1H), 2.83 
(dd, J=14,9 Hz, 1H), 2.69 (dd, J=18,8 Hz, 1H), 2.4-2.1 (m, 5H), 2.0-1.9 (m, 1H), 2.1-1.7 (br), 1.6-1.2 (m, 6H). 
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Example 10 



(11a,15a)-9-oxo.11,15-dihydroxy-1 6-(3-methoxymethylphenyl)-17,18,19,; 
[0208] 



20-tetranorprost-2E,13E-dieno!c acid 
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Example 11 - 11 (1) 



" ref6renCe eX8mP,e 19 ' 21 ^ ™» 5 ' the ^und. having 



Example 11 



[0211] 



1 9,20-tetranorprost-5Z, 1 3E-djenoic 
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Example 11(1) 

(11 a,1 5£)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-methyl-4-hydroxyphenyl)-1 6-methyM 7,1 8, 1 9,20-tetranorprost-5Z, 1 3E- 
dienoic acid 

[0213] 




[0214] (The compound is a diastereomeric mixture at 16-position.) more polar: 
20 TLC: Rf 0.31 (chloroform : methanol = 9:1); 

NMR(CDCI 3 ): 6 6.95-6.75 (m, 2H), 6.69 and 6.63 (d, J=8 Hz, 1H), 5.65-5.1 (m, 4H), 4.15-3.9 (m, 2H), 3.2-2.6 (br), 
2.8-2.55 (m, 2H), 2.4-1.9 (m, 12H), 1 .7-1 .55 (m, 2H), 1.27 and 1.15 (d, J=7 Hz, 3H). 

Formulation example 1 

25 

[0215] 

• (gp.Ha.lsy-g-chloro-H.IS-dihydroxy-ie-JS-methoxymethyK-hydroxy phenylJ-U.IB.ig^O-tetranorprosta-SZ, 
13E-dienoic acid (3 mg) in ethanol 

30 • stearic acid 100 mg 

• silicon dioxide 20 mg 

• talc 10 mg 

• calcium cellulose glycolate 200 mg 

• microcrystalline cellulose 5000 mg 

35 

were admixed in a conventional method, dried, added microcrystalline cellulose to sum 10 g, mixed until homo- 
geneous and punched out in a conventional method, to obtain 100 tablets each containing 30 u.g of active ingredient. 

Formulation example 2 

40 

[0216] Aclathrate (6 mg) of (11 a ,15 a)-9-oxo-11 ,15-dihydroxy-16-(3-methoxy methylphenyl)-1 7,1 8,19,20-tetranor- 
prost-13E-enoic acid (0.5 mg) in a-cyclodextrin was dissolved in distilled water for injection (300 ml) and the solution 
was sterilized in a conventional method, placed 3 ml portions into 5 ml ampoules to obtain 1 00 ampoules each containing 
5 jig of the active ingredient. 

45 

Claims 

1 . An co-substituted phenyl-prostaglandin E derivative of formula (I) 

50 
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y\ — cor 1 

(i) 



(wherein 



R 3 is hydrogen or hydroxy, 
R 4 is C1~4 alkylene, 

R 5 is phenyl substituted by the following groups: 

i) 1-3 groups selected from 

C1~4 alkyloxy-C1~4 alkyl, 

C2~4 alkenyloxy-C1~4 alkyl, 

C2~4 alkynyloxy-C1 ~4 alkyl, 

C3-7 cycloalkyloxy-C1 ~4 alkyl, 

C3~7 cycloalkyl(C1 -4 alkyloxy)-C1 ~4 alkyl, 

phenyloxy-C1~4 alkyl, 

phenyl-C1~4 alkyloxy-C1~4 alkyl, 

C1~4alkylthio-C1~4 alkyl, 

C1 ~4 aIkenylthio-C1 -4 alkyl, 

C1 -4 alkynylthio-C1 -4 alkyl, 

C3~7 cyc!oalkylthio-C1~4 alkyl, 

C3~7 cycloa!kyl(C1 ~4 alkylthio)-C1 ~4 alkyl 

phenylthio-C1~4 alkyl and 

phenyl-C1~4 alkylthio-C1~4 alkyl, 

ii) C1~4 alkyloxy-C1~4 alkyl and C1~4 alkyl, 

C1 -4 alkyloxy-C1 -4 alkyl and C1 -4 alkyloxy, 

C1 -4 alkyloxy-C1 ~4 alkyl and hydroxy, 

C1~4 alkyloxy-C1~4 alkyl and halogen, 

C1~4 alkylthio-C1~4 alkyl and C1~4 alkyl, 

C1~4 alkylthio-C1~4 alkyl and C1~4 alkyloxy, 

C1 ~4 alkylthio-C1 -4 alkyl and hydroxy or 

C1~4 alkyfthio-C1~4 alkyl and halogen 

Hi) ha!o-C1~4 alkyl or hydroxy-C1~4 alkyl 

or 

iv) C1~4 alkyl and hydroxy; and 
— is a bond or a double bond, 

a non-toxic salt thereof or a cyclodextrin clathrate thereof. 
A compound according to claim 1 , wherein Ri is hydroxy. 
Acompoundaccordingtoc.aim1,whereinRiisC1-6alkylo^ 
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4. A compound according to claim 1 , wherein R 1 is NR 6 R 7 (wherein R 6 and R 7 have the same meanings as described 
in claim 1). 

5. A compound according to claim 1 , wherein R 2 is oxo. 

6. A compound according to claim 1 , wherein R 2 is halogen. 

7. A compound according to claim 1 , wherein R 2 is 

R a -COO- 

(wherein R 8 has the same meaning as described in claim 1 ). 

8. A compound according to claim 1 , wherein R 5 is phenyl substituted by 

i) 1-3 of 

C1~4 alkyloxy-C1~4 alkyl, 

C2~4 alkenyloxy-C1~4 alkyl, 

C2-4 alkynyloxy-C1 -4 alkyl, 

C3-7 cycloalkyloxy-C1~4 alkyl, 

C3~7 cycloalkyl(C1 -4 alkyloxy)-C1 ~4 alkyl, 

phenyloxy-C1~4 alkyl, 

phenyl-C1 -4 alkyloxy-C1 -4 alkyl, 

C1~4 alkylthio-C1 ~4 alkyl, 

C2-4 alkenylthio-C1~4 alkyl, 

C2-4 alkynylthio-C1 -4 alkyl, 

C3-7 cycloalkylthio-C1 ~4 alkyl, 

C3~7 cycloalkyl(C1 ~4 alkylthio)-C1 ~4 alkyl, 

phenylthio-C1~4 alkyl or 

phenyl-C1~4 alkylthio-C1~4 alkyl. 

9. A compound according to claim 1 , wherein R 5 is 

ii) phenyl substituted by 

C1 -4 alkyloxy-C1 ~4 alkyl and C1 -4 alkyl, 
C1-4 alkyloxy-C1~4 alkyl and C1 -4 alkyloxy, 
C1-4 alkyloxy-C1-4 alkyl and hydroxy, 
C1~4 alkyloxy-C1~4 alkyl and halogen, 
C1 ~4 alkylthio-C1 ~4 alkyl and C1 ~4 alkyl, 
C1 ~4 alkylthio-C1 ~4 alkyl and C1 ~4 alkyloxy, 
C1 -4 alkylthio-C1 ~4 alkyl and hydroxy, or 
C1 -4 alkylthio-C1 ~4 alkyl and halogen. 

10. A compound according to claim 1 , wherein R 5 is 

iii) phenyl substituted by halo-C1~4 alkyl or hydroxy-C1 -4 alkyl. 

11. A compound according to claim 1 , wherein R 5 is 

iv) phenyl substituted by C1 ~4 alkyl and hydroxy. 

12. A compound according to claim 1 , wherein A is C2~8 alkylene or C2~8 alkenylene. 

13. A compound according to claim 1 , wherein A is C1-4 alkylene-phenylene or C2-4 alkenylene-phenylene. 

14. A compound according to claim 1 , 5 or 8, which is 

(1) (11 a ,15 a )-9-oxo-11,15-dihydroxy-16-(3-methoxymethylphenyl)-17 p 18,19,20-tetranorprost-13E-enoic 
acid, 
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(2) m«J5a,-9-oxo-11,l5-dihydroxy.l6-(3.ethoxymethylphenyl)-17,18, 19,204etranorprost-5Z,13E-dienolc 

(3) (11«,15a).9-oxo.11,1 5 -dihydroxy.16<3-(2-ethoxyethyl)ph e nyl]-17,18,^^ 



icadd V °^ ' t3 ' (2 ^ 

Inoicadd I * ' 15 - d,h y drox y 16 -( 3 - meth °^hylphenyl)-l7, 18,19,20-tetranorprost-5Z,13E-di- 

inoicLrd ' " ^" 16 " [3 " (2 " i ^ 

W1«,15l;).9.oxo.11^^ 

01) ( 11 «.^)-9-°*°-11.15-dihydro^^ 

LliiacM^" 9 "^ 
ellacj 15 ^^^ 

05) (11a, 15 $)-9-oxo-11 J5-dih y droxy-16-(3- P rop y iox y Tn e thylphen y i)-17 l 18 l 19 l 20-tetranor pro 8t-13E- e n 0 te 
(1 c 6)(11a,15^)-9-oxo-11,15-dihydroxy-1 6-[3-(2-methoxyethyl)phenylM7,18,19,20-tetranorprost-13E-enoic 
enlaci?' 1 ^" 9 " OXO " 11 * 15 " dihydr0 ^ 16 "^ 

i™L c ( ilT' 15a) ' 9 " 0 ^ 

f 3 lSen < oL^ 

or a methyl ester thereof. 

15. A compound according to claim 1 , 5 or 9, which is 

S^enoSo^ 
i?E-S^^ 
or a methyl ester thereof. 

16. A compound according to claim 1 , 5 or 10, which is 

( 1 >( 11 «' 15 «)-9^^ 
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(2) (1 1 a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy- 1 6-[3-(2-f luorolethyl)phenyl]-1 7, 1 8, 1 9,20-tetranorprost-5Z, 1 3E-dienoic 
acid or 

(3) (11 a ,15 a)-9-oxo-11,15-dihydroxy-16-[3-(2-fluoroethyl)phenyl]-1,6-(1 t 4-phen 
20-octanorprost-13E-enoic acid, 

or a methyl ester thereof. 

17. A compound according to claim 1 ,5 or 11 , which is 

(1 ) (1 1a,1 5a)-9-oxo-1 1 ,1 5-dihydroxy- 1 6-(3-methyl-4-hydroxyphenyl)-1 7,18,1 9,20-tetranorprosM 3E-enoic 
acid, 

(2) (1 1 a, 1 5a)-9-oxo-1 1 ,1 5-dihydroxy- 1 6-(3-methyl-4-hydroxyphenyl)-1 7,18,1 9,20-tetranorprost-5Z,1 3E-di- 
enoic acid, 

(3) (1 1 a, 1 5£)-9-oxo-1 1 , 1 5-dihydroxy- 1 6-(3-propyl-4-hydroxyphenyl)-1 7,18,1 9,20-tetranorprosM 3E-enoic ac- 
id, 

(4) (11 a, 1 5^)-9-oxo-1 1 , 1 5-dihydroxy-1 6-(3-propyl-4-hydroxyphenyl)-1 7,18,1 9,20-tetranorprost-5Z,1 3E-di- 
enoic acid or 

(5) (1 1 a, 1 5a)-9-oxo-1 1 , 1 5-dihydroxy- 1 6-(3-methyl-4-hydroxyphenyl)-1 ,6-(1 ,4-phenylene)-2,3,4,5,1 7,18,19, 
20-octanorprost-13E-enoic acid, 

or a methyl ester thereof. 

18. A compound according to claim 1 , 6 or 9, which is 

(1) (9p ,11a ,15^)-9-chloro-11,15-dihydroxy-16-[3-(2-isopropyloxy ethyl)phenyl]-17,18,19,20-tetranorprost- 
5Z,13E-dienoic acid, 

(2) (9p ,11a ,15£ )-9-chloro-11,15-dihydroxy-16-(3-isopropyloxymethyl phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(3) (9P ,11a,15^)-9-chloro-11,15-dihydroxy-16-[3-(2-methoxyethyl) phenylj-^.ie.ig^O-tetranorprost-SZ, 
13E-dienoic acid, 

(4) (9p,1 1 a , 1 5% )-9-chloro-1 1 ,1 5-dihydroxy- 1 6-[3-(2-propyloxyethyl) phenyl]-1 7,18,1 9,20-tetranorprost-5Z, 
13E-dienoic acid, 

(5) (9p i 11a,15^)-9-chloro-11,15-dihydroxy-16-(3-propyloxymethyl phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(6) (9p,11a,15^)-9-fluoro-11,15-dihydroxy-^^^^ 
enoic acid, 

(7) (9p,11a ,15 ^)-9-fluoro-11,15-dihydroxy-16-(3-propyloxymethyl phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid; 

(8) (9p , 1 1 a , 1 5a )-9-chloro-1 1 , 1 5-dihydroxy-1 6-(3-methoxymethyl phenyl)-1 7, 1 8, 1 9,20-tetranorprosM 3E- 
enoic acid, 

(9) (9P ,11a,15a)-9-chloro-11,15-dihydroxy-16-(3-ethoxymethyl phenyl)-17,18,19,20-tetranorprost-5Z,13E- 
dienoic acid, 

(10) (9P , 1 1 a , 1 5a )-9-chloro-1 1 , 1 5-dihydroxy-1 6-[3-(2-ethoxyethyl) phenyl]-1 7,18,1 9,20-tetranorprosM 3E- 
enoic acid, 

(11) (9p ,11a ,15a)-9-chloro-11,15-dihydroxy-16-[3-(2-ethoxyethyi) phenyt]-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(12) (9 p ,11a, 15a )-9-chloro-11 ,15-dihydroxy-16-(3-methoxymethyl phenyl)-17,18,19,20-tetranorprost-5Z, 
13E-dienoic acid, 

(13) (9p , 1 1 a , 1 5a)-9-fluoro-1 1 , 1 5-di hydroxy-1 6-(3-methoxymethyl phenyl)-1 7,18,1 9,20-tetranorprost- 
52,13E-dienoic acid or 

(14) (9p ,11a ,1a)-9-chloro-1 1,1 5-dihydroxy- 16-(3-methoxym ethyl phenyl)-1,6-(1,4-phenylene)-2,3,4,5,17, 
IS.ig^O-octanorprosMSE-enoic acid, 

or a methyl ester thereof. 

19. A compound according to claim 1 , 6 or 9, which is 

(1) (9 p,11 a,15 ^-g-chloro-H.^-dihydroxy-ie-fS-methoxymethyl^-hydroxyphenyO-^.IS.ig^O-tetranor- 
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prost-5Z,13E-dienoic acid, 

or a methyl ester thereof. 
20. A compound according to claim 1 , 6 or 10, which is 

^Zolca^ 
i^no!^ 
or a methyl ester thereof. 
21. A compound according to claim 1, 6 or 11, which is 

is^en^ 

S^fen^ 
or a methyl ester thereof. 
22. A compound according to claim 1 or 7, which is 

or a methyl ester thereof. 



50 



55 



92 



EP1 114 816 A1 



INTERNATIONAL SEARCH REPORT 



Internationa] application No. 

PCT/JP99/04934 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 C07C405/00, A61K31/557 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 C07C405/00, ASXK31/557 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CA(STN) , REGISTRY ( STN) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 51-113847, A (Merck Patent GmbH), 
07 October, 1976 (07.10.76) 
& DE, 2508995, Al & NL, 7602107, A 
& SE, 7602743, B & FR, 2302727, Al 
& GB, 1535373, A 

JP, 51-125257, A (Pfizer Inc.), 

01 November, 1976 (01.11.76) 

& DE, 2555210, Al & NL, 7514446, A 

Sc NO, 7504195, B & SE, 7513602, B 

& FI, 7503475, A & FR, 2293923, Al 

& GB, 1508168, A & CH, 610302, A3 

JP, 8-59607, A (Teij in Limited) , 
05 March, 1996 (05.03.96) , 
especially, [0049] , [0051] , [0035] 
(Family: none) 



1-3,5,10,12, 
23 

4,6-9,11, 
13-22 

1-3,5,10,12, 
23 

4,6-9,11, 
13-22 



1-3,7,10,12, 
23 

4-6,8,9,11, 
13-22 



| | Further documents are listed in the continuation of Box C. Q See patent family annex. 



"O" 



Special categories of cited documents: 

document defining the genera] state of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the international filing 

date 

document which may throw doubts on priority claim(s)or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



"T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X* document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"&* document member of the same patent family 



Date of the actual completion of the international search 
24 November, 1999 (24.11.99) 



Date of mailing of the international search report 
07 December, 1999 (07.12.99) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



93 



^"S RAGE BLANK 



fJSPTO) 



